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; PREFACE ' .. , . 



, / November 1973/ the National Aeronautics and S^ace Administration ^ 
'(NASA) asked the National Acad^niy of Engineering* tfo conduct a suminer study- # 
of future q)plitations of space systems, with particular emphasis on practical 
approaches^ t^aking into consideration socioeconomic benefits . NASA as^ed ^ 
that ^e study also consider how these applications vould influence or be . 
influenced by the Space Shuttle System; the principal space trai«port^tion 
system^ of the i980's. In December 1973, th^ Academy agreed ^to perform the " 
study, and. assigned the task to t^e Spac^ Applications Board (SAB), • ' 

. ^n t;he summers/af 1967 and 1968, the National' Academy ^f Sciences had' 
'convened* a gjroup.of eminent scientists and engineers to determine what research 
and development was necessary- to permit the e:q)loitatrion of useful applications 
of earth-oriented satellites. The SAB .concluded that since the NAS study, 
operational" weather and copouni cations* satellites and the successful first ' 
^ear of use. of the e:q)erii4ental Earth Resources technology Satellite had • 
demonstrated conclusively a technological capability that could fojm a founda^ 
t ion for e;q)anding the' useful applications of space^derived information and/- ^ 
sei\dces, and that it was now necessary to dbtain, frpm a broadT cross-4ect^n 
of potential users, new ideas and nee^' that might guide the development of 
future space systems for practical applications. • . 

After discussions with NASA and other interested* federal agencies, it was 
agreed that a m^or aim of the "^ummer study" should be to involve, and to 
attempt to* underst^d the needs of, resource managers and other decision-makers 
who had as yet only considered space systems as e>^erimental rather than as 
useful elements of major day-to-day operational information ^d service system% 
Under the general direction of the SAB^ then, a representative grovp of users 
and potential users conducted an intensive two-^J-eek study to define user needs 
that might be met by information or. services derived from earth-oibiting satel- 
lites. This work was done in Juiy 1974 at Snowmass, Colorado. 

For the study, nine user-oriented panels were formed, comprised of present 
or potential public and private users, including businessmen^/ state a'nd local 
government officials, resource managers, and other dettsion-makers. A.nun^er 

*fcffecfive'July 1, 1974, the National Academy of Sciences knd the National 
Academy of EngineeVing reorganized the National Research Council into eight 
assemblies and commissions. All National Acadeny 'ef Engineering program units, 
including the SAB, became the Assembly of Engineering. 

iii. 
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df scientists and technologists also parti'cipated', functioniifg essentially 
as ^expert consultamts . The assigriraent made to the panels included" reviewing 
progress in space applications since the NAS study of' 196'8* and defining user 
needs potentially capable pf being met by space-system applications,. User 
specialists, drawn from federal, state, and^local goVemments and from business 
and'mdustrv-; were impaneled in -the following fields:^ ' • ' > 



Panel 
Panel 
Panel 
^ Panel 
Panel" 
' * Panel 
'^4^anel^ 
Panel 
* Panel 



1:^ 

4: 

6: 
7> 
8: 
9: 



i^eather and Climate . 
Uses of 'Communications 
Land Use Planning 
Agriculture,! Forest , and Range 
, Inland Wa^er Resources 
Extractab,le Resources 
Environmental Quality 
Marine* Maritime Use5 
Materials rf^rocessing in Space 



In addition, to stitdy' the^ socioeconomic benefits, the influence of tech; 
nplogy, ^d the interface with *sj)ace transportation systems, 'the following 
panels (termed interactive panels) Were convened: * 



Panel 10 
Panel 11 
Panel 12 
Panel 13 
Panel' 14 



Institutional Arrangements 

CQ§ts and Benefits 

Space Transportation • ♦ 

Information Services and Infonnajtion Processing 

Technology 



^ As a basis for their deliberations, the latter groups used needs expressed 
by the user panels • A substantial amount>of interaction with the user panels . 
wa5 desired in^o the study plah and was found to be both desirable and neces- 

The major^art of the study vwas accomplished oy the panels. Tne function 
of the SAB was to review the work of the panels, to evaluate their findings ^ 
and to derive from their work an integrated set of major conclusions and recom- 
mendations. The Board's findings, which i*nclude certain significant recominen- 
datiorns from the panel reports as we'll as more general ones arrived at by 
considering the work of the study as a whole, are contained in a report pre- 
pared by th^ Board.** * 

It should be emphasised that the study was ^not designed to make detailed 
as^sessments of all of the fact org;, which should be co*nsidered,in establishing 
priorities • In some cases, for example, options other than space systems 
•for accomplishing the same objectives may need to be assessed; requirements for 



♦National ReseaAh Council. Useful Applications of tartk-Oriented Satellites^ 
Repor-t^of the Central Heviei) Ccnmittee. National Academy of Sciences, 
Washington,, D.C. , 1969. 

'^Space Appl3/cations' Board, .National Research Councils Practical Applications 
(^f Space Systems. National Academy' of Sciences, Washington, D^C, 1975. ^ 
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institutional or Organizational support may^need to be appraised; multiple* • ^ 
uses- of systems may need to be evaluated to achieve the most efficient and J 
economic returns. In some cases, anal>3es of costs and benefits will be ir 
needed* ' In this connectioR, spe<;ific cost-benefit studies were not conducted 
as a^part of the tw-week study. Recommendations for certain, such analyses, 
however^ appear in the Board's report, toge'ther with fecoramendations designed 
to provide an ipproveS basis upon which to make cost-b*eitefit asses-sments . 

'In suit', .the study .was des-igned to provide an opportunity for knowledgeable 
and experienced usees, expert in their fields, to express their needs for * 
information or serxuces which might (or might not). be met by space "feystems^ 
and to relate the* present and potential capabilities of space systems to t 
their .needs.- The 'stu^y did not aytempt to examine in detail the scientific,, 
technical, ^or economic bases fop' the needs expressed by^ -the users, 

; 'The SAB vcas impressed by tlie qualit/ of the panels' work and has asked 
that their reports be* made available as supporting .dqcyimewts foV the Board's 
report: Svhile the Board i^ in general accord w;ith the panel reports, it' 
does not necessarily endorse th^m' in every detail. 

. « The conclusions and recommendations of this, panel report should be con-' 
sidered n'lthm the context of the report prepared ty the Space Applications 
Board. .-The views presented in the panel report represent the general consensus 
of the panel. Spirie individual members of , the panel may not a^ree with every 
conclusion or recomnehdaticn*contaiQeii in the report. 
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OBJECTIVES OF LAND 'USE PLANNING 



'Q^e ,Panel Land U5.e Planning w'a$ coinpjiised of persons who h^ve been 
involved in remote sensing,^ processing of^he ^ta acquired, and actual utiliza- 
**ion in the field' of jremot^ly sensed ^infoiroation. Thus, the group vas multi- 
disciplinary in terms of the , technology involved, the application 'of such / ' 
, technology, ^ the perception of the future utilization of remote sensing in 
^land use- planning* , , ' ' *' *- ^ ' 

'^^ ; The approach included interaction with^tlie advisoify resource persons, -the 
technology team, the interactive panels, and repi^s^ntatives of the National. ' 
^ •Aeronaitics and'Space Administration (NASA), the U.S. Geological Survey (US^S), 
* jjh& Environmental Protection Agency .(EPA), and the European SpdQe Res^rch ^ 

^^Organizati^n (ESRO) -wha were present at the study, fhe first phase of the stddy 
evaluated applications, and future opportunities. The Second pha^e .isola- 

tec^ those are^.'in which further information and definition were' required. In' 
the third pjiase,..^er r^uirements were developed in accordance with the Space \ 
• Applications Board* s>lan for the Summer Study. and findtijigs and reoommendatiOns 
were fotmufated as a basis for furth|^discussi'pn and deveiopment By' the' Space 
AgpHcai^<Sfi^ Bqar4^ ,^ ^ ^ ^ ^ ' ' ^ , _ * ^ ^ 

The objectives -^f. the Panel to: ^ \ ' 



^ ^ Define tfie land^-^iise plaiiiiing^ d^cipline^ ^ ^ 

Define the current s^'ate-rof-the-art as it may mak? use of infor- 
mation 'obtained by remote sensing, " . 

y ' ' . 7 

Present, a, S- to IS-^ear scenarionPor the impact of r^ote sensing 
from air and space platforms on land use planning, and 

.Identify critical factors in the appllications of remotely Sensed ' 
' d^ta to' land use planning. « . - ^ 

' - ' • . ■ ■ ■ ' , 

The Panel conducted! its deliberationte from .the viewpoint of operational* 
users at the local, regional, state >«d/federal level^ The Panel believes 
this differs from that of previous studies i1^ which .the definition of user needs 
was apparently based primarily on outpifts from princi^pal investigators drawf 
from the research and development community. , 
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* Contained, in the report are the Panel's views, on progress since the study 
of practical us^s 6f space systems xcmducted by the National Academy of Sciences 
in^ 1967-68, the utility of remote sensing, user requirements, users' educational 
needs, .a re\iew of technical requirements, some information on costs and benefits, 
and summaries of c^Se'^studieB of three states — Colorado, California, and Alaska* 

DEFINITION OF li^D USE PLANKING ♦ ^ ^ 

• » ' 

' Land use planning is defined afs plannihg for t}\e allocation of activities 
to land areas in o^der to benefit humans. .The disfipline .involves thrpe *sets 
of tasks as fellow^s^ ' ' ' J ' . ^ ^ 

' . Forecasting, requirements or demands .for goods and se!i^rj.cfes. 



^ Estimating tl}£ supply of land available to. produce these goods 

and services (in terms of amount, location,^ quality, suitability, 
or^apability) ,* and * • • ^ / . 

EvaluatinQ| implementing, and monitoring alternative management 
. and control strategies. 

^ Land^use planning deals* with *alT possible^uses, iftcluding urban -rsCresidential, 
commercial, industrial, institutional)^ transportation, agriculture, fsrestry, 
m^niiw, aad outdooir recreation, 'The* Panel on Land Use Planning has attempted, ip 
prepa^'itig^this report, to adopt as broad *a, view as. possible of J:he land use plan- 
nin^process* ' ' , . 

All thre^ of the tasks listed above have substantial information require- 
ceuts which may be sajt:isl'iean5y'^m6te sensing.. For example, uifomation derived - 
from r^s{gote sensors is potentially i^sej^l.in the first, task area to calibrate 
models y(!X<Ai forecast growth pattern by.^extr^oiatiim,. In ihl third task area/ 
planning;deGi5rons>hidr]^have jspatiai indications (sucfi as ^sessing^he ispact^ 
o4 uibanizatis)p*bn -fej^^cal envirate^ts^, areas} .kre^-more easily Bonitored by 
^st'rljite t^3i|j^^convxiitioni^T^§^ Cr.ccl^.^ .Ijive^^fi^itrors tor tEe Eartli * 
^fisoorcce tedmplogv- Satellite since ren^^ed LANDSAT-i) nave cexsonstrsted 

this capabilit>': however, tje/cost sigilificant potential coiitributlon of *rei30te 
sensing will be in the -second rcask area' Ke believe that the •principal element 
xn future 'lan'd use planning wirtbe evaluation of the available land resources. 
This task ;s particularly difficult because current information-gathering tech- 
niques result in incon5)lete coverage, inappropriate scale, spaor reliability, or" 
untimeliness (because of inherent lags in the infonnation-gathering process). 
Remotel) sensed information may provide significant abgiaentation of more conven- 
tional methods . • • * 

'•THE PLANNING PROCESS 

' The methods by which planning ^decisions should^ ma^e involves the follow- 
ing 3teps: • ^ . 



tion of the problem 



Acquisition of data relevant to tfie problem 

. ^ • *• • - . 

. Establishment of goals and policies ' ^ 

Implementation of a specific pien of action * • • 

.Evaluation and monitoring of progress through the plan toward ^ 
the goals* ^ . " »■ 

The Panel believes that -the problejS of acquiring relevent data is currently 
the J^imiting factor in land use planning* In .the experience of the Panel members 
the difficulties in acquiring adequate data are such fJ\at the succeeding steps 'in 
the land planning process (establishment of goals and policies, ♦and implemention 
of specific plans of ^ctiop) are often bas^d on imperfect information, and the • 
final step '(evaluation and monitoring of progress toward the goals) is done 
only superficially. A supply of remotely sensed imagery may reduce the amount 
of effort devoted to data acquisition anci allow more resources to be applied and 
rational decisions made in the later stages in the planning process* 

A flow of remotely sensed imagery might also help to pace the planning pro- 
cess, since problem identification can be established as a responsibility of the 
planning agency ^o be carried out on a regular basis as remotely sensed data are 
received. 

\ 

^ PARTIf IPANTS IN LAND USE PLANNING ^ 

The participants in land use planning (and, therefore, the potential users 
of remote sensing-derived information) are as follows: 

Entrepreneur^ (individual and corporatfe) 

Elected and a^Dinted officials 

Citizen groiros - • * ' 

S^bfessional planners in private and public service ^ 

. 'Educ^ators' (through their training of planners) 

Researchers (through their study of planning techniques). 

^fost'of these participants regularly use images from aerial photography^ 
Some individuals in the last thre>sProups are familiar with multispectral scan- 
ning (MSS) and the characteristics o^sspace images. Pro fessional' planners, par- 
ticularly at the federal and State levels, are becoming increasingly interested 
m theVg^ data. College teachers of geography, geolog)^ ecolo'g>', forestr>s natu- 
ral resources, conversation, and sirilar subjects studied by planning students 
are increasingly incorporating discussions of remotely sensed imagery into their 
presentations. At the gradyat? level, however, planning curricula tenJ to be 
based on the social sciences, and remote sensing and space imagery are little* 
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used or understood • The land use planning research comnAmity is not a homogene- 
^ ous group but is scattered throughout Several disciplines. To date, it is . 
geographers who have been primarily interested in studying the potential appli- 
cations of remote sensing and space ima^ry in la^d use planning. 
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PRQGRESS SINCE 1967-68 



• 

Since, the summer study on space applications in '1968, there have been many 
developments which are important to land use planning. The number of problems has 
increased^ importa^ federal and state laws have been passed, and ILhe technology 
of data collection and processing 1^ advanced. This section presents and- dis- 
cusses these- develppaents. ^ ^ . * • 

■ 

REVIEW OF 1968 STUDY 

'The report of the Fores try- Agriculture-Geography Panel* of the 1968 summer 
study was reviewed to assess the adequacy of the study recommendations for ♦ '"^ 
meeting present and future needs, and the .nature ^d extent of government, inSus- 
try, and :usTer response to study recommendations.- . * ; 

'' The 1968 report recommended two programs f one short-range program, GLobal 
Land Use (GLU), and one long-range program, Systea for Earth Resources Information 
(SERI). Both used data from a polar orbiting spacecraft. GLU was intended to* 
be a 4-year program and SERI an operWonaUprogram after a 12-year development 
effort. ^ / . .r- 

was intended as a gflobal collection and dissemination sys ton for -land 
use information., the 1968 study panel postulated a data collection system with 
a synoptic view and output capable of photointerpretation as well as computer 
processing. The collection system was to b^ modest to facilitate its, acceptance 
and to encourage development of favorable international policy and thus pave the 
way for more complicated systeias to follow. - ' ^ 

SERI was conceived as a considerably more coiiq)licated system^ employing GLU 
as well as other data sources and concentrating on providing dat'a for agriculture, 
fore.stry, and land use planning. The structure^j^ceived for^SERI is very similar 
to xhat of information systems 'that employ remote sensirfg input today. 

In the. context of the situation^ today, the 1968 program recommendations need 
ireview because: • » " . , . . . 



^iTr^Ti/T^"^^ ^'^^V- • ^^^^"^ AppticaUone of Bari^-OHmted Satell-ites: 

fS^^^^-^"^^ ^. ^f^^^^'^-^^^^*^-^^'^^' (Panel 1). National' 
Acadeny of Sciences, Washington, D.C., 1969, p. 4/ . 
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The development of the land use planning function at the state 
level has increased rapidly (driven mainly by state and some 
federal legislation) ; , ' - , 

Ppblic awareness of environmental qualify and land use i5sues 
has increased nationwide so that 'the information requirement^' 
for land use planning have become more detailed than they we^c 
at the time of the 1968 study; : ^ j ' " 

It ma)r be difficult for foreign countries to accept international * 
land use information programs of tlxe complexity of SERI^fof ' 
sevetal reasons — periiaps mainly because *oC fear of expl^tat^ion 
by outside interests more able to use the land resource dkta than ^ 
the country surveyed; ^d . / 

Increasing emphasis cm .estimgfes^'of benefits ^cfiieved pi domestic 
appiicftions to justify further space protoam expenditures may 
force concentration of worE.-on domestic applications/ in order tp 
' more precisely define the cost-benefit picture. 

4. 

. - DE\'ELOP^ENTS JN LAKD USE PLANNING - ■ ' • . 

^ /. planning* was primarily concerned with the internal organization of 

cities 'Xparticularly fot redevelopment) and the provision >of 'Regional ser\dces 
such as transportation. Khil^^ these are^still central tasks, there' have been 
added a strqng concern fo^ the environmental consequences of growth 'aiitf -a ^spread 
in responsibility and interest to the Ideal or neighborhood level and to "the siate ' 
apd federal level. No corresponding change has occurred in the use of remote ' 
sensing data in land use "planning during thi^s period'. In the 1968 study, ho. \ 
panej was primarily devoted to. land use planning. This actiyity was covered b)- " ^ 
the tores tr>'7Agri culture-Geography "Panel. Little information on, land use planning 
has appear in published reports or researdi done in the applications of remote 
sensing since then. However, considerable work has been done by investigators 
in the disciglinfe of . geograpfiy on such topics as land us-e mapping — which is 
potentially useful in planning. Land use planners have remained, in effect, iin 
the researdh and development phase, in which disciplinary research' is done' to 
provide the ba^is for an operational mode yet to come. This situation is illus- 
trated by Figure I, which also ;suggests the possible future trend. 

In Figure I, the size of the^remote sensing circle is intended to portray 
what we feel was,' is, and will be tl\e ?ire of the national remote sensing effort. 
The changing position and overlap of the remote sensing circle with the geographers' 
and land use planners' circles is intendjed to portray the relative impact of remote 
sensing on the activities of these two* groups of .people. It also indicates the 
change of the remote sensing effort from research and development (iE5)act on 
geographers) to operational (fepact on land use planners). Ke do not mean to 
imply, by the portions of the remote sensing circles overlapping the geographers' 
and land use. planners^ circles, a suggested size "of the land use -planning effort 
within the na^tional remote sensing program. 
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FIGURE I THE TREND IN USE- OF RBWTELY SENSED 
^ DATA FOR LAND USE PLANNING BY GEOGRAPHERS 
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LEGISLATION 

Significant legislation has been passed and proposed in the land use .and 
associated environmental fields since 1968. One effect on the land use planning 
discipline has been a need for a mofre complete 'inventory and analyses of resources 
and uses. Another is the need for coordination of all land use associated- activi- 
ties on a 'state, regional, and local basis, and closer control and monitoring of . 
all uses in both urban and r^ral areas. 

Some of the land use legislation that has been enacted since. 1968 follows: 

Year Legislation 

1969 National Environmental Policy Act (NEPA); Oregon Land Use' 
Planning Act SB-1 -.^ ^ 

1970 'California Environmental Quality Act; Maryland Wetlands Act; . ^ 

Michigan Shorelands Protection and Management Act; California 
' State Planniijg Act AB-2070 • 

1971 Vermont Act 25§'; Delaware Coastal "Zone Act; AJaska Native * • * . 
Claims Settlement Act; State of . Alask'a*Land Use Planning 
Coordination Act ^ , - " - 

1972 California Coastal Zone Conser\'atipn Act; 'federal Coital Zone 
.Management Act (Public Law 92-583) ;;:^>eiawan^ Beach Preservation 
Act; Florida Environiftental and Water Management Actc. New Jersey 
Wetlands Act; Pennsylvania Constitutional AmSndmeitt; Tlorida 
State Cori^ijehensive Planning Act 



1975 Colorado Land Planning and Poli<l:y Act; Delawar^^Wet lands Act; 
Wasl^injjton State Planning Act 

l,9?4^, Maryland State Land Use Act ^ 

addition,^;diere have been executive orders and" local ordinances which 
ha,ve r^stricte^Mfand 'use and established higher standards for air and water 
qualityV 

^The version of the National Land Use Policy and Planning Assistance legisla- 
tion^ introduc^^by Senator Henry Jackson* was passed by the Senate. However^ 
the version of this bill brought before the, House of Representatives by^^Cbngressman 
Mo'rris Ddall was not reported out of Committee. This bill would have encouragA 
all states to become involved in land use planning. The Jiackson legislation * 
proposed that the federal government (through the Depaftment of the Tnterior) 
would appropriate to the states $982 ttillion over an eight-year period to assist 
in the planning .process. A similrar bill is likely to be introduced in the next 
session of Congress; However, as may be see^ fK)m the chronology of legislation^ 



♦U.S. Senate, Bill No. S.'268, 1973. 
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many states have moved forward on their own I Currently, most federal funds, 
for state planning come from the Department m£ Housing and Urban Development. 

TECHNOLOGY DEVELOPMENTS'' 

The tecHtiology of remote sensing as it applies to Jand use planning has 
developed considerably during the last six years. Three achievements are most 
.significant: the perfection of hi^h altitude aircraft photography and the 
developmeAt of satellite sensors, the successful' demonstration of all-digital 
ijnage rectifica4ion techniques, and the development of machine, spectral , pattern 
recognition processing, • ^ 

'Since 1968, daj^afrom aircraft -borne sensors have begun to be used to ' 
identify current lanti resource patterns and , to; describe changes. While the use 
of high altitude photography has penetrateS to .regional and county, governments 
in some areas, the use x^f hifa-altitude aircraft data for complete' and -.detailed 
land resource surveys'at the state-wide leyel i^ps impractical for all hut a 
few states because of the enormous amount of fia;^" which must be Collected and 5. 
anal>;2ed. Ohe of the principal uses^5£ satellfte-derived data may be to- solve 
^ this problem by deciding which , areas in a state reall/ need detailed coverage 
by aircraft* ERTS data in botfi-image and computer-compatible-tape *fonn are 
being analyzed to determine land resource information for states and large remote 
areas. The potential for improving recognition of land resources from the ERTS 
repetitive coverage to obtain multi-temporal scene data is being investigated but 
work has only just begun. FinaLly, ERTS data for several states (e.g., Florida,. 
Wyoming, California, Michigan, and' the Eastern Seaboard from New York -tcr th§ 
District of Columbia) haye been assembled intb mosaics to portray regfional views 
of terrain. These mosaicsHiave been used to educate prospective users on the 
advantages of ERT5 coverage and the potential that exists for large-area land use 
mapping using ERTS data. - This potential is beginning to be exploited now by the 
U.S. Geological Survey, using data from ERTS and other satellites, in cooperative 
programs with states. v . • ^ * : 

Techniques for machine processing 'to map land use categories are being 
developed, but iteed further refinement, testing, -and documentation before they 
''can become an operational tool. The advantage of machine proce^siiig — and it 
is an important advantage — lies in the fact that th^ data are processed in 
digital form with increased radiometric fidelity and- possibility of easy direct 
entry into computer data bases. ' ^ 

A land use classification system developed by the U.S. Geological Survey* 
identifies ifour classif icalion levels, as follows: 

Level I. Satellite imagery, with little supplement^ information 

^ Level II High-altitude aircraft and satellite imagery combiited 

' • with tomographic maps ' ^ ^ * . 



^Anderson, James R., Hardy, Ernest E., and Roach, John 7.: .A Land-Use Classifioa- 
Hon System for Use With Remote Seyxsor CkrtcJJ.S. Geological Survey Circular 6h, 
U.S. Depai«:ment ojF- the Interior, 1972. 
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Level III Medium-altitude^ircraft demote sensing (l:20,Oob} combine 
vrith detailed tx)p6graphic maps and substantial amounts Qf 
• sypplem'ental information w 
» ' • • • 

Level IV ^ ^ Low-altitude airciraft imagery with most of the information 
• • derived from supplonental sources, 

> * ; . , , . / 

A more complete description of these classification levels is given in the. 
Appendix. * - • 
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P)?OJECTED DfEVELOPMEWTS IN LAND USE I^LANNING 



The Panel* expects activit:8es> 
increased in the next id to 15 
pfesjent and expected legislaticn 
activities .of citizen groups ^*d 



in land use'pianhing to j^e considerably 
years, ks a result of requirements specified by 



A 



at; the federal and state levels and by increased 
ot;her elements of the private sector. 



akticip4ted lanu use legislation 

i 



The Panel expects two kinds of land use legislation'to be proposed and 
passed -in the next 15 years. First, Congress will eventually^ if not^ in itp 
next session, pass national lanl use planning legiSlatipn, and,may .very, well fol-.' 
low this 'with additional measures which farther 'define national values, for land.'** 
resources, this legislation ma/ well have an effect of the same magnitude as • ; 
the National Environment^ll Protijction Act. Second^ the states are expected to 
continue to pass planning and ctitlcal environmental' area legislation that is 
a^ropriate to their particular land , use problems and to their natural environ- 
ment. It is very possible that tthis state legislation- will have a more si^ifi- . 
cant effect on land use in>jome parts of the country than national legislation. 
This vfill be true particularly in states with fra^le ecosystems and attractive 
land resources, California/ Colorado, Vermont, ^Delaware, and other/states for 
example, 'have already passed acts which have more stringent requirements than 
are likely to be considered in federal ^legislation, . ^ • 

The Panel expects that 'local ordinances and intematiojial 'agreements^ wilT 
l\ave considerably less influence oti land use planning tlian stat<y and nation-al^ i' 
legislation. However, the current international crises of food and energy sl^rt- 
a^es could shift ^jriorities in this nation and influence new state and national 
legislation. v 

ASSOCIATED REQUIREMENTS 

* Legislative programs, both existing and proposed', will establish require- 
ments similar to the environmental impact statements for major federal projects 
and legislative proposals required by the National Environmental Protection 
A^t. This Act has required that literally thousands of statements be filed, 
th^t meetings be held, that hearings be conducted, and that repol^s be written 
and published. The benefits have been many — in the form of better and * 
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environineht^lly sofcuid projects;'better coordination'Jietween ^ftderal.- federal, 
federal -3tate, ^nd local projects; and toward a*. /general improvement in the quality 
^ ^ of life,, ' • , ' ^ ' • ^ * ' ' 

The Coastal Zone Management Act^of'Trerzz is another example ot a federal law* 
IJJiich imposes *requiremei\.ts in lajxd use planning* This Act allows for federal 
' grants on a two-thirds^ q66t-sharing basis for the states to develop coastal z6i>e\, 
management programs. Annual grants are allowed in each, of three^sueceeding years 
*'^P),for developing the management program. Afterthe mankgemen^ program has been 
^> -k'^^proved by the Secretary of Commerce and adofhed by the ^tatc^\the Act allows for 
' fetd^ral funding of two-thirds of the total. cost of implemtentation. The Act 
p requires public hearings and ^q|^ordination w).th federal, state, regional and loc;al 
• goy|tnments. The Act also requires .the establishment of s^tate regulations- for ^ 
^ usU "and management•'^or both^land and water resources, and provides for state . 
..p^wer to enforce these rjiles and, regulations^ The effects of req^uirements 
e^ablished ^der this. Act. are manifold in t'he land. use planning in each of the 
Ihirty cokstal-zone states. Many coastal* wetlands of the tyfe' found along the. 
East Coast ahd in other'parts of the country are large enough and of sudi a nature 
thaty^ieful ififormation about these areas can b.e .proyided by remote sensing • 
techniques, particularly multispectral analysis, TheuniforlQ flatness of marsh 
topography eliminates variations in reflectance due to s^loping surfaces aji^^ 
shadows. The most commoh marsh plant species are few ^n number so thit photo- 
, rat^ferpretation is simplified. Environment^ changes, whether natural or mSi-made, 
generally , take place over large horizontal distances in the marsh. Zones ^of ' . 
relatively uniform vegetation or land use are therefore usually large enbugh to 
be discernible in current low-resoiution satellite imagery. The major piapt / ^ 
species, in particular, are different enough i^ .their morphologies tt) have distinct 
reflectance characteristics. T]j.is 'facilitates the use of multispectral imagery • 
to make detailed wetlands maps "showing vegetation growth patterns which are' related 
to local environmental factors: As a result, automated digital teiJiniques have 
been^^successfully u^ed to prepare from BRTS-1 digital tapes, precisiQn map over- 
lays shpwing at least 12 categories of coastal land use ^d vegetation with inter- 
pretation ^cciir^icies of^er 90 percent for all categories mapped. 

- Land Use Comissions have^been established by Jaws and executive orders in 
Colorado, Alaska, Hawaii, Vermont and other states. One of the first charges o£ 
each Commission has been. to provide a basijc inventory and analysis of all resources 
and uses from existing data. Such analyses could and proba'bly should be made with 
the^most sophisticated remotely sensed data available today. 

The proposed NationaJL Land Use Policy. and Planning Assistance Act (S,268) 
mentioned earlier would have provided encouragement as,. well as financial ajid 
.* tecl^nical assistance to states for land use planninjr, regulatioi\* and coordination 
of the use of federal and non-federal lands. According to the Act the states 
would establish within three'years, *a land use plarthing process, a planning 
agency, an advisory council, an inventory, and analysis of resources,, and a pro- 
- ' ^am to >egulate land development ^pyojects. Within fiv^ years-, the states would 
adopt a land use program whiqh inclu(|[ed njet^iods for exercising control over 
critical environmental* areas, key facilities, large-scale developments and new 
^communities; 'establish a procedvire^. for review. of 16cal , regulations to protect 
the larger interests of 'the state and the publi?; an^ provide a method^for con- . 
sistentLy relating state and local programs with state lai^ use programs. 
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. . * . ^ THE PRIVATE SECTOR' . " . - I 

' ' , ' ^ / ' ; 

The Panel believes that the gap Between the potential use, of remote sensing 
data and its applicati9n is of. an -order of magnitude greater in the private 
sector than in the pul)lic sector. As'the scale Of planning for new urbsih develop 
ments Increases and as the citizen-consumer becoAies increasingly aware of the 
Importanpe of planning to optimize the use'.of land, the private sector will ^ 
become more and more desirous of using.^ remotely sensed data. Regional user 
^enters, if they existed, c^uld 'encourage and facilitate broad ^iiJ^lication of 
g^i,ch information by the private iector. the Psjiel believes th^t in the future, 
-aw^eness^of the capabilities -of remote sejising arid use^)f remotely-sensed data 
by the private land development sector will more closely follow the trmd in the 
public sector. This is expepted because of 'the increasing afteraction b.etween ' 
private and pubiic planners. * * ^ * • 

^ Land use planning is also becoming an accepted area of corporate reSponsibil 
itx. Some corporation's ^erox and IBM for example — have for some^^time plan-, 
ned for the* settlement of their emp4.oyees in sucVa.way. as to minimize enyiron- 
mental disturbances associated with^^new, plant sites More Recently, hedvy \ 
industrial de^relopers have become aware of *the need fot land use. planning. 

■■ ■ ■ • y . • 

' ' . ■milZEN GROUPS . ■ ' . * , 

Jh6 Panel expects citizen gfroups at ^he national level ~ -such as .the 
Conservation FouAd^tion, the ^ilrr^ Club,^Jhe Audubon Society,. the National 
Wildiife Federation, the WildeAess Society,' and^^he EnviroTimental Defend Exnid!^ 
" to maintain and possibly infcrease their lobbying and edni^ional efforts* 
Even moire significant phanges/will Qccur at the local level as groups which are 
either affiliates of* national organizations or organized oil an ad hoc basis ' i 
become increasingly involved' in the planning process. We anticipate that 'some 
of these groups will recognize planing problems.j-atquire infomati^n, and formu- 
late alternative goals wd ,j5plicies"ind6pendentl^of existing planning agencies. - 

/ - s • .... 

^ . • . / • 



^^^TICIPATED INf^ORMATIOt^'l^QufREf^mNTS 



• • ' • ^^ 

As -remotely sensed data becomes indreasxirgly u^ed in lanci xise planning, data 
centers will need to oe provided for distributing onformetioji. In' determining a 
data center s'i/ze, and in ipakihg d^isions about the adVantageS- of regional centers 
as opposed tor one central, facility, the demands of -^he user iox the Vdric^ 'types 
of prpducfts, t r(5m the system, mu§t be 'assessed. The parameters of interest include 
the? voJLume ajid type of .data products required; the number of times per year fhe^ 
irif ormat ion ^ust be i^dated; the "format of the data product; the timeliness of 
delivery;, thQ grid size of ,th? information (as contrasted with the sensor y^solu- 
tioji element size)/ and some statement of the complexity o5 information required 
and the uniformity p£ information classes 'over large areas, A final parameter is 
th^ accuracy of informat*ion. : Ideally, these parameters would be- listed for the 
r^eestrch and ^^velopmeht^, transitional anct operational phases of the program* . 
^ Bi^.volum^ of data required can be most easily specified fey the user in . 

J-fefts c£ gp^lij^ of tjie inroa covf^te^^^LSinw data^ijn various formats are 
requirgcl, ini^^ers may wmt diSfJelit S^^5 <^.procSling format definiUon 

\mjr be**bfdkerf 'into three parts: the type o|gdata (e,^\, ^olo3;JR, composite 
iiBages); kdnd^of processing done to the data; and th^ delivery meditlm (e*g*, 
.film tpranspar^hcy^ co^puter-compatibl^ tape). For film products, the sca^^Q 
sinould, be specified. Timeliness xi£- delivery is the acceptable titiie between the 
pcciBrrende o*f the event and the 'delivery of the product , to the user. It inclu4es 
the time spent acquiring, processing, a;id disseminating data. The gri4 si^e of 
information is a specif ication.^of How -the user wants his information quantized. 
It affects /sensor resolutions only iit that they must be le,^s than or equal to 
the grid ^ize." The elasses of information. r^uired and .th§ uniformity of those 
classes^ over large areai are specif ications, relating to the extractive processing 
portion of the system. They' determine the design of pattern- recognition devices,' 
as does the required information accuracy^ . , • 

At the present statQ of development of land use planning,, requirements 
canno^ be precisely identified for all users. In, addition, this level. of detail 
is beyond the scope of' a two-week study. Thus, the Panel has chosen tb dfescribe 
usej requirements qualitatively, to establish a scenario for ^he more prec\§e 
identification of tJieir requirements, and to present user c;ase studies from . " 

.thrjee stated' to convey some understan^^g of user requiifements.- 



USER REQUIphEm"S ' 

Depending on whether the user is concerned Kith regiona^l, local, or state 
level, the type and complexities, quantity, and grid size of information which 
he requires from the remote sensing and processing syst«n wjLll vary. Users 
will also require products at different stages of processing. For purposes of 
d.iscussion, users are •subdivided Tiere into five groups: l3P*l, regional, state, 
fedei^l,' and international, - ^ 

In general terms, as one proceeds from ll)cal to international useirsi the 
quantity of data needed increases, the areal, coverage increases, the grid size 
increases, the nunier of classe's« (in •pattern recognition outputs]^ tends to 
decrease, and the clasjses tend tb be more homogeneous over large ^areas. Time- . 
liness piay be unaffected, sincp it is tied closely to the information update 
cycle.which in turn is tied to the change rate of the land us^ phenomena. Some 
regional, users of xiemote sensing data (EPA, iox example) may reqiure very short 
^delivery schedules of processed data for enforcement of pollutionVlaws. -The 
general situation is "summarized in Table !• - . . 

In Table I, a summary of^iiser requirements, it may be se^n that the required 
area coverage by individual users decreases*^ onfe moves from the liational to 
the local scale. At the state level, the total area requir^^nj^is for land areas 
plus the offshdre coastal zone or outer continental shelf, TiSe total areas', 
associated with regional 'sites probably add up to about 10 percent of the total 
U.S. •land area. Central business districts, where- 1-meter resolution is required, 
total about 1 percent of the U.S. land area. The ;total qifantity of 1-meter 
resolution data (in terms of picture elements*) heeded for a given area is 
100 times greater than the quantity of lO-iieter resolution* data. There is also 
100 times more' 10-meter resolution data (in picture elements) t*han lOO-metet 
resolution, data. " . • , , ' ' • . ~ 

Most users require geometric correction to Bap* bases. The accuj^acy of . * . 
the correction Required is stilTa matter for debate by users and is more fully 
discussed in a later sectj^n of this report. The accuracy of the correction to 
map base for the lOO-meter^data should be within a fraction of a picture element. 
A preliminary definition, subject to future ^evisidn by users, jLs that corrections 
shoulii be made .with antacorracy of a fraction of the next largest grid size* 
Thus, 10-meter grid-size data should be registered within, say, 30 meters of tr^e 
map grid, and the l-meter data should be*registered within, say, 3 meters of the 
trye map "grid. ^ , , 

" ■• ■ A PLAN FOR IDEm-IFYING USER REQUIREKENTS . * 

*In an earlier sec.tion of this report (b.^ 3) six classes of participants ^ 
in planning were identified as having information requirements which may be 
satisfied by a remote sensing system. The order of ^hese participants in terms . 
of estimated benefits relative »to costs is as*follows: ^ \' ^ 



^A picture element-Xpi^^l) is the smallest discernibfe element of information in 
a remotely-SOTsed -image of the surface of the ea±th» - , 
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Professional plaftners in public and private service 

• ^ I Elected and appointed officialsj|(state, federal, regional, and 
local) 

En t r epr en eur s 

^ f diti;:en groups , " , 

Educators an^ » • T« " < 

♦ . Researchers. 

Eventual operational user needs, transitional system needs, and research and 
development needs should be^ identified for all users. 

Rese^chers and elected and appointed officials at the federal level should 
be more involved *^-ith user programs from the beginning initially to* define 
the problem and'pbtenti^l solutions, and later to define system-operation parame- 
ters. ^OT example, researchers and elected officials working with iis^rs should 
first define what types of information ape required and in what formats. Whether 
the required information can be obtained at all and the level of accuracy at 
which it can be obtained should be typic^ of early program concerns. 

In th§ transitional phase, more users become involved, and considerations* 
of required accuracy, timeliness* of delivery, updated cycle, and grid size be- 
come Important. Costs of providing services are also of concern in this phase. 
More grot5)s need to be involved here, working toward the ultimate goal of ^e 
^ of system information by all groups. 

In fact, all groups will proJ)ably 'use the transitional phase remote sensing 
system to some degree, depending oi^ their jieeds and the cost to them of using it^ 
To the extent that the degree of use by a given user can be predicted early in 
the transitional phase, his operational requirements should be considered 
the operational sys-tem design. 

At present^ system needs in the R5D phase seem well identified by the 
researcher Xusually a geographer) working to some extent with the ultimate users. 
Transitional programs have only just begun, but the Panel believes ij^aX nearly 
all tiltimate user ne;e<ls should be considered before designing K transitional 
system (what may be refeired to as an "applications system verification test"). 
In land use planning, the^ Panel feels that user needs can be established to* the 
^ degi'ee required by the following procedures: 

A • ^ . * , • # 

Stratify the country into uniform physiographic* regiops. ^ 



ly X 



Within each region, survey by personal visit, questionnaire, • 
or other contact, samples of all potential users, sol^-eitring 
the information Jisted in the earlier section entitled "User 
Requirements," for both transitional and 6perational systems. 
(The surveys proposed in a Jlater section entitled. "Required 
Study** may be incorporated with this information.)* 
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Concurrently with an assessment of these user ne^ds, NASA should 
assess the short- and long-range abilities of the various users to 
assimilate and use the remote ly-^ense4 information and the factors ' • 
■ which might inhibit their use o^ the infoimation. 

Design the transitional system to serve as many of the potential 
users as possible and take steps to encourage th^ir participation 
and evaiuation within each physiographic region. 

^ • ♦ " . s , 

The inclusion of state, regional, and local government, as well as private 
sector jusers at the transitional stage is important, and their needs slfould be . 
considered. 

Requirements for an operational system niust^be addressed before the transi- 
tional system is designed so .that it can be structured' to .answoe: all tl^e user's 
questions about the utility and cost of information — questions that are of 
obvious concern. But quality control > the provision of auxiliary products, user 
education, and provision to the user of limited ability to ched^the information 
himself are additional factors that will affect the design" and cost of an opera- 
tional system. The degree to*«which the user can participate in* technical tasks 
such as data m:ef rocessing and pattem-recOgRition processing should be^^^^es^^d. 

The Painef believes that involving ultimate users eaaMy in the conduct "^of^ 
research leading to operational applications of remote sensing systens wiTl 
enhance user acceptance of^the information once it becomes available. Cbnsider-^ 
able education of potential users wiirbe required and should be^ provided f-dt^t 
the transitional s^tage of the program. . « - 



. • CALIFORNIA^' CASE STIID¥ v. . 

* -» 

• • 

\rhe land use p?pgram in the St^e gf Califoijiia. is discussed here as a case' 
study because there exists extensive documentation of activities^ (present or pro- 
posed) at the state level of govermaent. In addition, California is representa- 
tive of a heavily populated ^ea, apd provides opportunity** for Observation of a 
variety of land uses. The Panel believes that the California experience repre- 
sents one of the>best available exB^les of extensive utilization of land-use - ' ^ 
classification and of an acco55)anying expressed user demand for remotely sensed 
infoimation. ^ ^ ^ • 

• interest,_5trong legislation such as the California Coastal Zone 

Conservation Act of 1972, and the Governor's "Environmental Goals and Policy 
Rerport" of June 1975 all helped to stimulate a strong mapping and documenta- 
tion effort throughout the state. ^Is^ping progi;ans at scales of 1:24,000 and 
1:62,500 have been undertaken to identify ^eas of critical concern. Thirteen 
state agencies are involved in projects which either lise or propose to use remote 
sensing^ The basic information requirements of these 13 state agencies are % 
sumnarized in Table 11^ - • 

In order to implement the requirements of these 13 agencies in the l^d use 
planning process th^re h£^s been proposed a California Land Use Classification 
Program which includes 23 major classifications* with 162 subcategories, as 
shown on Table III. *. * * * - ' , 



r 



AGLND' 



REMOTE SENSING APPLICATICy 



Depart z.^nt of Food -and Agriculture 
Depart rent of ^a^r Resources 



Departrent of (Conservation, 
Division of rore5tr>- 

Deparf-ent of Conservat:on7 
Division of '•tines and Geofcgv- 



Department of Fish and Gare 



Departrent of ^3rV^ ^nd 
Recreation 

Depart rent of Iran nation. 
Division of Highways 



Dcpartr:ent of Navigation and 
Ocean Development * 



State Land Cfr^-issic-*,. 
State Lands Division 

Departncnt oT Public Health 



Air Resources &^3rd 

KateJ Resources Control Eoard^ , 



.Office of .Ererf.ency Services 



Differentiate between cajor classes of land i^se, najor crop 
t>'pes, and individual crops, evaluate crop daia^e. 

Identif>' and nap various'-features related to water resource 
developaent and canagcr^nt, including land use, evaluation of 
mter-relationship between water and agriculture, and urban 
and native lands. 

Ider.tif>' and cap type and distribution of vegetation, fuel 
condition classes, tirber site, classes, -and environcental hazards* 

f ^ 

M^p soil and geolo£>, analyze geororpholo^' and tectonic relation- 
ships, including faults, nap %egetetion as an indicator of parent 
naierials. 

Monitor seasenal changes in wetlands, inventor>' wild anitals, 
waterfowl, and rarine rasnal habitats and/^igrations. , 

Prej>ai*e landscape province analysis, with errphasis on wildland 
vegetation rapping to determine recreation site potential. 

Evaluate land use and geologic factors related to transportation 
planijing and design, evaluate cn\ironbcntal irpact of highway 
COP St ruction. 

Evaluate near shore current patterns, littoral transport, shore- 
line erosion, estuarine exchange, river discharges and sedir-cnts, 
: and tidal flushing actions. ' 

Map wateV line der^arcacion, identify underwater features; detect 
oil spills; D3p land use. • 

Inventor)' flooded and wetlands for oosquito abatencni planning; 

^identify waste discharges. 
* 

Detect pollutant concentrations and evaluate* their spatial dis- 
tribution and rovcr-ent. 

r 

Detect, identify, and conitor non-point source pollution problcris 
relating to agriculture and urban land use, salt accuculations, 
erosion, si It at ion, pesticide residues, and bacterial contaci nation. 
» • <v 

.Assess daragc and develop a pre-disaster data base; land u$e aiid 
site classification. 



TABLE II a^lC 



I\TO;:)*ATlciHr^JIREME? 



UIREMEVrS FOK "miRTEHV CALIFORNIA STATC AGENCIES 



20 



ERiC 



^ 3x 



4 



I 



u 
o 



E C 

O O 
U 

u 

^ o 
c 

O O 

iH c 

cn 

o u 
u ^ 

c 

O =5 



O 

o u 
o o 

o 

eft O 

c c 
^ o 

3 CD 

P O 
O > 

c3 O 



CO 

o 

C 
U 

. O 

o 

E 
O 

u 

JZ 

tn 

C 

4-> 

(0 



4J E 

^ c3 

to 

c 

o o 

c ^ 

E 

CO 

C ^ • 

^ 4-> > 

O ^ X 

C* E 
O a 
C O ^ 

e d o 

O ^ GO 

0 > -iH 

o c;^ CO 

1 I I 



O 
X 

o 
c 

E 

o 



o 

E 



o 
o 



o 

c 
o 
u 

c 

§- 

o 



(0 
> 



CO 



cr 



o w 

•rH 

o a. 
> 

o > 

.4-> ac 

X 



U 
c3 
X 

0 c 
u ^ 

E 

d O 

1 I 



•a 

o 

(ft 



(ft 



o 



(ft 

c 

o 
o 

(ft » * 
E (ft 

iH U 

' 4-> 
CO 



c 
o 

(ft 

o 
> 

§ 

o 

c 

X o 
E 3 

(ft 
XiH 

(ft •o 
3 C 

c 

^ o 

X 53 
> U 
c3 O 

X CO 

I I 



(ft (ft 

4-> X 

U C3 



< X 
I I 



(ft 
o 

CO 

3 
O 

o 

(ft 

u — « 

C3 O 
D. O 

I I 



(ft 
O 
JZ 

u 
u 

(ft 3 
o o • 

(ft * 4-> 
iH (ft O 

> o 



o 
a* 

E 
O 



•jD C3 

3 P 
(ft 

o ^ 

E ^ 
O 

JZ (ft 

o 

o 

o ^ 

(^O 

\ 53 

c ^ 
o 

4-> (3 
(3 

O 3 

P 4-» 

O ^ 

0 3 
U 

1 I 



mh c3 



O 4-> 

P o 

O E 

4^ (ft 

(ft (ft 

*H O 

C (ft 
(ft 

* C3 

(ft 

E U 

3 O 

O 4-> 

(ft (ft 

3 (3 

E v> 



4-> 

C3 

C * 

(ft (ft 

w o 

C 4-> 
O •»H 



O 53 
4^ 

o 

•o X 

O 53 

CO 4-> 
C 

53 ^ 



Q a s 
I I ^1 



5 ^ 
(ft • 

P*4-» 

Cu o 



< (ft (ft 
E 

53 3 

4-> <-( 

^ X 

a, « 

tft. 53 

O 

O 

(ft ^ 

c o 

O 4-> 

•H e3 

<tt 3 K 

»^ 4-> O 

O «4-< 

O 4-> O 

.C (ft ^ 

o c 

CO 

t I 



(ft 
o 



u 

53 ^ 

o 

X4J 
4^ O 



o 

4^ 4^ 

3 to 

- 53 

w c 

53 53 -« 

O P 

Vi (ft o • 

53 C 4-> ^ 

O ca 53 

O 4^ O 

> 53 C 
C3 O 

O 3 O C 

oo i cuo 

53 O 

JO p 
t I I 









tft' 








C 








o 








u 








u 




(ft 








c 




X 




o 




4-> 


o 


u 




i-H 


> 


u 




ja 


o 








u 






u 


c 


53 




o 


E 






c 




3 


(ft 


(ft 




4-» 










c 


•o 


o 


3 


53 


o 


u 


O 




4^ 


3 






u 


4^ 


4^ 


o 


o 


(ft 


u 


o 


< 


53 


o 




o 


a. 




CO 



o 

3 
C 

4^ 

c 
o 
u 



o 

E (0 
U 

53 O 
U 

o 

X 

w o 
(ft 

. (ft o 

to -a c 

•O O 53 
U 53 

53 X C ^ 
J2 O ^ O 
O C 53 3 
P <^ P ^ 
O > O H 



a 

CO 
O 

a 

c 

CO 
CO 

a 

CO 

3 



< 
o 



03 



.1 



I I I 



I 




5^ 
O 



ERJC 



21 



i 



o 



c 
o 
o 

u 
o 
> 
o 

c 
u 

DO 

c 

C3 



2 
o 
u 

o 

o 

•o o 

JD C3 
^ ♦J 
< CO 



o 
o 



o 
u 

D 
C3 

o o 
^ a, 

^ £ 
o o 
o ^ 

o ^ 

o 

C3 *J 

o c 

•H ^ 

O cu 



4-> 

c 
o 

C O 



&0 



u 



c 

•H W 

Q C3 C 
MOO 
U CI* 

WOO* 

O 4-> CO 
O iH ^ 

^ Oi ^ 

' O -H 

c o 
o ^ o 

GO O ^ • 

iH »-H O O 

^ c c o 

^ ^ .H 

o o ^ ^ 
E ^ O 

•iH 3 BO 4-> 
O -H ^ 

o o 

C E C3 O 

o 



'%4 






o 












C3 












O 


















C3 










o 












♦J 






C3 






CO 
















(/) 






o 


•H 












4-> 






(A 


CO 




C3 


C3 


o 


»-H 




CO 




&0 




•o 


c 




c 


•H 




C3 




t3 




O 






o 




(A 






o 













o 

o 
o 

o 
u 

c • 
c 

D 

tn 



C3 

o 
a* 

.2 



00 

c 
c 

C3 



0,*4-l W 



4-> 
t/) 
C3 
O 

•o 

O 

« 4-> <oo o 
C3 C • 

^ >s > 
O C3 -O 
«^ ^ O 5 

o a* o o 
a CO CO c:: 



o 
o 

^ ♦J 

(/) o 

O ^ 

^ a* CO 
o c 

COiH 

SCO 
O C3 

^ c ^ 

•O C3 O 
o ^ ^ 

C3 CO 
CO CO c 

^ c o 

^ o 
a. ^ 



es 
o 

CO 

o 
> 



c 

C3 

o 
o 

<2 

u 

3 



I 



I 



O 

c 

O 

o 



o 



M c 
t 



•o o 
o o 

CO*H 

>v 

C GO o 

C ^ O C 4^ 

O OOmH t< C3 

C C *J 5 

•W C3 C 
< . ^ CO o 

> O C3 

O ^ *J 

O 4-> <^ 

♦J CO<M C3 'O 

c;^ c o s 

^ 4-> o ^ to 

^ C3 Ci4«H D 

^ O >^ C3 O 

i-« S H H 02 



o 

E 
3 
C 

c 

C3 

>s 

O 

O* O 
O (A 

o 

c > 
o 

E 

CO 3 

iH (A 

^ o 



o 
u 

3 

CO 
C3 

o 

c 

o 

O <4m| 

^ (A 
^ Oi 
D O 

CO U 



O (0 

D O 

^ O 

u ^ 
O 

*J o 
t * 

c ^ 
o o 



o 

C3 

CO 

c 

(0 CO 



c 
o 



I 



t I I I t 



o 

t 

C3 JZ 

c o -o 
•H a. c 

Oi Q C3 

O »-H CO 4->- 
M ^ C O 

O I C Oi 

♦J C C3 O 

C O ^ ^ 

i-» 2 CU U 

till 



to 
c 

o 

C3 • 

c 
o 

C3 



O 4-> 
> 

♦J D 
C3 CO 

ceo 

• Oi E 

(O 04 o 
> O C 
^ O 

•o o o 

0 o 

E O 

u ^ 

C3 O4 O 

w o 

Q S CO 

1 I I 



(0 

c 
o 

iH 
•H 

•o 

c 
o 
o 

O 

^ o 

3 O 
♦J C3 
(0 ^ 

O 3 
E (O 

^ D 

iH «0 

O 



•o 



c 
o 

•H 

CO 

o 
o 

c ^ 
o 

•H to 
-P E 
O O 
O ^ 
+J ^ 
O O 

•o 

04 
^ o 

^ O 
CO CO 
t I 



•o 

C3 



• C3 
O iH 

O C3 
O4 

to 

O w 

<J0 ^ 

o c 

C O 

u 

♦J ^ C 
O C3 C3 

o -o ^ ^ 
CO * o 
C3 O O4 S 
E CO E O 
C3 C O ^ 
•O C3 4-> ^ 



C3 
3 

c 



to 



§ 



0 






0 


OS 




0 






•H 








0 




0 


O4 






to 








C 






a 


0 


c 




3 








a 




O4 O4 


c 













Co 

i 



0( 

o 
04 



4 



I 



t 




22 



ERIC 



3'o 



c 



o 



00 

c 

IS) 

o 

H 
00 B 
C 3 



(A 



c 
o 

O 
> 

o 

U (A 

cu o 

E > 
O X 

00 4-> 4-> 

C X c ^ 
C5 C3 'H O 
X S ti- 



O .H 





c 






o 






•H 






4-> 






C3 






4-> 






o 




o 






oo 








> c 


oo 


c 


o 


c 










> ^ 






g 


D 








a o 






c 










> -o o 


o 




O 4^ 


1— ( 








o 


C3 O 


o 


00 


00 u 








4-> 


c 






u 


o 









I I 



c 
o 



o o 

en o 

(/} (/} 

O D 

o 

O C 
D 

C 

c3 £' 

^ O 

C 

^ O O 

(A 00 

(A O C3 

C3 4^ £ 

^ C3 C3 

O C2 Q 



C 

o 



c 
o 



c 
o 
o 



o 

(/} 00 

D C 

C ^ 

O c3 

4-> 

c3 

O c3 

o c 

c: < 



c o 
o ^ 
00 o 

00 tn 
c«o 

•H W 
00 C3 
c3 O 

D I 

4-> O « 

D 00 

«4-» C3 4-) . 

^ c 
o o o 

^ o 

^ o 
o 

^ O (A 

c o 
•o o o 

C W 5 
C3 o w 

U 
C 



o 



C W 

o 

6 ^ 

(/} u 

o .H 

tn oc 

w o 

X cJ ^ 

*J o 

•H 4-> C3 

C 4-> O 
O 1-1 

O c3 

1-1 o u 

4J (4-( 'H 

C3 'H ^ 

4-> <-H O 

O 4-> 

00<-H t/1 

O 'H -H 

> s a: 



I 



I 



I 



I 



I 



c 
o 

O 
O 

u 
o 



O g 



oo a 
c o 



00 

o * 

o o 
c -o 

O .H 

D4 W 



o ^ 
1-1 o 

(/} 
O 
U 
U 
D 



C 

o 

w tn 

o ^ 
> ^ 
c 

o ^ 
o o 



00 

c 



C3 

u 
o 

D 

> 

d 



o 



u 
o 



(/} 
D 

o cr 

00 i-( 

cJ C 

(/}(/} 3 
O 

00 4J ^ 

1-t X o 

^ X ^ 

^1 o c 

0 4J C3 

o o 

.c ^ ^ 

^ c: 

1 1 I 



4-> 
U 
• O 

I ^ 

o 

c 
o 

•H 

(/} 
o 
u 
o 

^ 
o 

4-> 

c 

C3 



OO o 

^ c 
o u 

> D 
I 



C 00 
C3 C 

.-H 



CU 00 c/} 

O ^ ^ 

O 00 
O 4^ 

OOi-l o 

C3 C 4^ 
4-> O 



^ o 

0 u 

D 1-1 

1 I 



o 

X O 

4-> ^ 

D 

4-> 

1-1 tn 

O iH 

w o 

o -o 
c 

c/} si 
u 

o * 

4^ ifi 

CJ D 

U 4-> . 

1-1 a- 

•O 4-> 

C trt 

•H C 

4-> O 
W C 
c3 O ^ 

1-1 iH 

4-> 4-> C 

c ;^ o 
c u 



r 



5 



C 

o 

(/} 
cn 
o 
(n 
en 

C3 



CJ sz 
X 

^ (4-1 
•H C3 1-t 



t 1 



1 



en 
o 










<n 




1-f 




o 


o 


00 




4-> 


tn 


o 




CJ 


D 


o 






O 






c 








o 














vi 


SS 


O 


\ 


1-1 


o 


> 




4-> 


o 






O 


o 






CJ 


D 




1-t 




CO 






00 






o 


C 


4-> 




4-> 


1-j 


c 




tn 


c 


CJ 




zi 


1-1 




O 


2u 























D 


















> 


















c 






iH 






tn 






o 






•H, 






4-> 






iH 




•o 


c 




o 


3 




3 






C 






i-( 


O 




4-> 




tn 


c 


O 


o 


o 




•H 


u 


CJ 






O 4^ 


o 




6 O 






•H - tn 




C X> 








4-> 




CJ o 


c 




4-) D 


CJ 








D iH 



















I 



C 

o 

. o * 

00 

u tn 

o D 

> o 

o u 
o 

•O O 1-i 

X c 

c3 1-i ,o 

2: s u 6: 



o 
o 



c 

CJ 

>H 
U 

CJ 



I 



0) - 
4a 



i 



o 



O 



23 



ERIC 



34 



sr 

Si 
o 
o 



I 



C D 

^ O 

D > 

u o 
a o 
o ^ 
^ o 

U CO 



o 

GO C C. 

>r^ B a 

c ^ 



> o 

o o 

c c 

c3 O 



U 
O 

a. 

CO 

o 

&0 



c 
o 









cess 








'CO 


o 


CO 






o 


D 


o 






u 


CO 


CO 






•H 




D 




c 










o 


u 


c 


»-H 










CJ 




4-> 






C 




<3 






O 




4-> 






•H 




CO 






4-1 


c 


O 


c 


O 


C5 


•H 


u 






o 


M 


o 


&0 


O 




C5 








u 


U 


o 


o 


C5 


o 








c: 





CO 

c 
o 

•H XO'-O 

^ o c 

c3 CO c3 

P ♦J 

0> CO 

^ c 

c5 -a 

C E C 

O D C5 

^ O 

c;} E O 

4J O U 

o ^ ^ 

> o c 

t 06 O 

^ c3 V> 

•H 6 O 

O C5 ^, 

CO O Cu 

t t I 



> . 



O 
D 

4-1 CO 
a CO 

o u 



CO 

o 
B 

•H 

eo 
o 

o 

CO 

D 

o 
> 



CO .o 
CO O 
CJ 

u 

o c 

•H 

CO 4-1 

c 

•o o 

C CO 

o 
u 



CO C3 

o ^ 

O &0 
Q. ^ 
CO O 

c 



o 

4-) 
♦J 'H 
C CO 

o 

e ^ 

CO C9 

CO Or 
O -H 
CO &0 
CO O 
c3 

o 

♦J cj 
cj ^ 
♦J u 

-O CJ 

CJ \ 

JZ ^ 

CJ 

o u 

*H ^ 
O 

"O 4J 
r-H CO 



W S = 



&0 CiO 
C C 



c 
o 

to 

CO 

cx 

U.v 

u 
D 



o CJ 
C 

CO d 

o 

CO C 

to o 

CJ 



to 
C' o 
e5 

CJ 

&0 o 

u c 

0 ^ 

> 5 

1 I 



o 

M O ^ 

Oi CO '4-> O 

a. CO 



CJ 

C 

o o 

D B 

»-H to 

d CO 

> o 

S CJ 
CJ 



c 
o 

o 
u 
o 

4-) 

CJ 

3 



CO 

o 

4J 4^ 

U c3 
CJ 3 
U 
Cu 

• CO 

&0 c 

c o 



^ 4J c3 



OX o 
4-> ^ CO 
O O CJ 

CJ O E CO 
fj D .H ^ 
CO u, H Q 

'I 111 



•o o 

CJ 3 
O 

u o 

I I 



CO 

o 

t 



O O 
CO &0 
CJ ^ 

* E 



c 
o 

E 

•H to 
Oi 4-» CO 

E 0) O 
D O CO 
^ ^1 



c o 
o 

•o to 

O .H 

to 

^1 * 

O X 

4-) 4-) 

c§ 

o cr 



CO u- < 



CO 



o 

-CO 



I 







O 




o 




4J 
















c 












o 


c 


•H 


o 


4-1 


E 


U 


o 


o 


> 




o 




E 


•o 






C 




o 


c 






4-> 




D 


o 


< 


4-> 




•H 


O 


c 


a, 


o 









to 

O -D 
U C 
^1 CJ 

D 

o o 

to ^ 

CJ 

c ^ 

o 



o 

CJ 



to 



.-H O 

0 c o 

01 CJ 

o 

c o 
> 
u 
o 
to 
, o 
u 



c 
o 



o 



o 
o 

o o 



CO 



H 

CO 



I 



I 



CO 

o 

>N to 

&0 to 

o o 
^ u 
o o 

JZ 

Cu O4 

u 

o ^ 

E CJ 

•H 

JZ > 
U D 

O r-H 

^ CJ 

0 o 

4J 4J 

CJ CJ 

D D 

CJ CJ 

> > 

1 1 




I I 







to 








0 1 








c 








0 


1 






M 
















4-1 










S 






CJ 








4J 






to 


c * 




to 


0 


0 ' 






c 


u 


















1 


<s. 










4-1 


B 


&i 


•0 








c 




§- 


.CJ 


CJ 


C 








CJ 






0 








4J ^-1 






CJ 








3 


4-> 




C 




C 




0 


CJ 






•0 


> -o 




hH 
1 


1 1 













to 

OJ 

o 
u 

CJ 

o 

o 
o 

U4 

o 

c 
o 



a 



CO 

§ 

u 
u« 

►—I 
CO 
CO 

u 
u 



< 
o 



< 



o 



35 

24 



ERIC 



Thus, the information requirements of CaMfomia state organizations consti- • 
tute an Excellent sample* listing of potential/user demands which may be satisfied • 
in whole or .in pairt by remote sensing* California also may well be a laboratory 
•for evaluating trade-offs and cost effectiveness/ of various techniques for acquir- 
ing data* Ejnphasis that the real objective /is decision-making based on good • • 
information, and not simply data gathering,/ is jfevident from the following excerpt 
from the 1973 Aiinual Report of the Califoriiia Coastal Zone Conservation Commission*: 
* ' 11 
"EMPHASIS ON DECISIONS, NOT DA/A. The efopKasis of the Commission's 
planning is on reaching decisions, mot /on accumulating data* Volumes ' 
of information about the coastal z6ne Already exist because of the 
work of the many Local governments along the coasts the preparation 
of the (Comprehensive Ocean Area Plan my the Department of Navigation 
and Ocean Development in th^ Stat/e Resources Agency), and the work of 
many other ^tate and Federal agencie 

"Data is the necessary foundatioii iojo planning, but data is not of it- 
self a plan. What is needed now xj to use all available information^ 
along with other necessary research, to arrive at policies for^^the 

^future of the coastal zone, Fpr example, should "superports" for super- 
tankers be built in the coastal z6ne7 Should large coastal areas be 
used for housing, or should rfecrektional development have a higher, 
priority? Can better public /access to the ocean be provided^ in built- 
up urban areas?" 



COL0RAPO CASE STUDY 



The Summary Report of the CdL 
exhibits a sjibstantially different 
The Colorado repott does not go jdeei 
user ne^ds but rather provides 
gram which depends on a data baie 
tion. As of January ,1974, maps/an( 
the following areas: 

Existing land use 

Land ownership 



do Land-Use Commission (December, 1973)** 
er requirement than the California case study, 
ly into land use classifications and specific 
spective of a state land use managemei^t pro- 
d information syst^ for its , successful opera- 
resource inveiitories were available in 



Selected energy resources and pipelines 
Electrical power plants and .distribution systems 



*1972 Artnudl Report 3 California Coastal Zone Conservation Commission, San 
Francisco,* California, 1974, pp. 5-6. 

**Availafale from the Colorado Land-Use Commission, 1550 Lincoln Street, Denver, 
Colorado 80203. 
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. Selected mineral lode resources 
Potential available groundwater 
Snow depth 
I Water service areas 

Potential for irrigated agriculture . • 

Potential for non-irrigated agr^iculture. 
, ^ Sediment yield 

Soil shrink/ swell potential. 

« 

The maps and inventories were prepared by utilizing standard cartographic tech- 
niques based on existing data sets, low-altitude aerial photography furnished b^ 
others, as well as by specific field investigations. Significant contributions 
were made to the mapping' process by many federal, Sta^e, and local agencies, and 
innovative formatting techniques were utilized \o a large extent. The u^e of 
remote sensing was considered but was discarded because of the practical problems 
of matching ERTS imagery with existing base maps. 

For furtherance of land use legislation fenacted by the General Assembly of 
Colorado, for the past three years the Colorad^o Land Use Commission has been 
building a program designed to plrovide a framework and a process by which the 
state and its political siabdivisions can guide future development. As in 
California, emphasis in Colorado is on decisions based on data rather than on 
data alone. As the Commission sees it, its recommended land use program: 

Enq)hasizes the local and regional levels of government as the 
primary decision-makers on local questions of land use; 



Focuses on enhancing the quality of -life, not just on restrain- 
ing the quantity of growth; -and 

' I ■ 

Provides a flexible framework and process for guiding growth, 

not just a traditional mapping and inventory plan. 

Given the diversity of regional needs, the Commission had to formulate a 
set of goals for the state, reflecting regional diversity yet providing a focus 
fbr a statewide land-use policy. The Commission first formulated broad goals, 
ancjj^en outlined targets (what ought to be done, .where, and by when) and policies 
(who ought to do what, and how). Next came the consideration and* adoption of 
program elements (the tools for carrying out the policies), and finally the 
development of an organizational structure and *a set of short- and long-term 
strategies. The Commission adopted goals for four major areas relate4 to land 
use — environment, economic development and population, natural resources, and 
related social concerns. 
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Those goals, seemingly 'relevant to information needs. to which remote sensing 
might contribute, ^are listed below: - ' 

Contifol development to conserve natural environmental amenities, 
including air and water* 

. Control development in hazardous or environmentally fragile areas* 

Initiate measures to inhibit land uses which, result in the unneces- 
sary conversion of prime agricultural^ land. 

Establish* a state forest poUcy. • j-j 

Encourage effective and rational use of the state's water 
^ resources. • 



Provide, for explicit analysis of social implications and pipacts 
0^ public or major private land use decisions, as in provision 
of and acpess to health, educational, recreational, housing, ani 
employment opportunity. 



In addition, the following policy themes which guid^ the development of pro- 
grams appear relevant to the characteristics required of the information collec- 
*tion and distribution" system: \ - • 

Regionalism constitutes the base for land use program planning^ * 
^ and control. Wit-hii\ five regions, conplementary land use planning 

activities are carried put by pl^an^hing and management^istficts 
and coufity and'local governments. 

' Monitoring and control of new development projects is a basic ^ 
program element of the land use program. 

The continuing comprehensive planning process (rather than a 
static master plali;^^ is the key to an effective and workable 
— - laud use program, 

groad citiren awareiiess, involvement, and support are sought at 
all levels of the system. 

' /" 

Land'Use program capability is developed at the local aj^d 
region^il levels. ' • ' » » ^7 
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Iti examining this case study the following facts became apparenx to the 
Panel : 

Colorado's mapping program and resource inventq^ did not 
make use of data obtained by remote sensing from space even 
though, the jirogram was accomplished during the period when * 
data were, being provided by ERTS-1, This decision was reached 

27 . ; 
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because of. practical problem^ in matching ERTS imagery ^iti\, ' 
existing state basi^ map^. This subject Wiil^b^ dealt with la^er 
. ^ when the matter of joap projection is taken up. . 

•Colorado's land use ma^iagement program re-emphasizes th^ need 
^ ^ for continued monitoring, identification., evaluation, ai^d^ther 
. data programs whi<ih 'ara not now being provided in any substantjial 
- way by space-based remote sensing systems. i. Improvements are 
4 Ueeded in ERTS map matching capability. 

- i . 

The emphasis on land use program capability at the l^WBSt XeveOL 
of government in the state underscores the need for a. distribu- 
tion system which assures rapid dissemination of infprmation. ^ 

The Colorado example under^coifes the need for a reliable .information system 
*and monitoring capability in the implementation, of "growth centers" which are 
planne<i' to maintain .and increase the social and economic viability of rural areas, 
the slowing down of urba^i growth where it is appropria:te, and the prot^tion of 
prime agricultural lands and other natural' resources, ^ 

ALASKA CASE STUDY • 

Alaska offers an excellent opportunity for the application of remote sensing 
technology. There are many important needs for informatJLon on. natural resources 
and on land use — actual and potential biit convention^ means of data acquisi- 
tion are difficuj.t and"costly because of diffici^lty' of access to the greater .part 
of the state ana thfe lack of communication facilities. At the. same time there 
are important onshore and offshore resources in Alaska of great .value to the 
*statid*and the nation. . ' 

Growing requirements rf or fisn, wood\ oil, ^ gas, minerals, recreajion, clean 
air and water, while at ^ the same ^im^ maintaining the quality x)f the ^virqnment,^ 
are puttihg great demands on ^)lanners in Alaska, I^and use planners and resource 
managers n*ed t*h€^ bQSt data possibly, . Remote sensing, from aircraft and from 
spacecraft, using most of the capabilities of available sensors wouTd be very 
useful now and in the future. ' ERTS.ldata and imagery have proven v^ry useful in 
Alaska. ERTS ima:gery is available now^for all of the state except parts of 
the cloud- shrouded Aleuti^an Islands. The 'Joint' Federal-St§te Land Use Planning , 
Commission and the Soil Conservation Service of . the U.S. D,epartment of Agriculture, 
have published a statewide set of ERTS mosiacs at 1:1,000,000 scale. The ^ 
University of Alaska has mosiacs ^for ^Si'fey afeas> at 1:500, OQO scale.. The |Jnivexsity 
has done . an outstanding job in the research' ?md. development. jphase, but. there is 
now -a need fpr both operational and extension service.^ Remote sensing data from 
high altitude, aircraft are needed nOw. - 

It is the Panel's opinion that a joint federal -state remote .sensing center 
for. Alaska ^should be estaHisKed now to assist the native village and regional 
corporations (established und^x "a federal Ian)'/ the state, the federal govem- 
men,t, and private users in all phases .of lancj use planning and land management. 
The* reasons are as follows: ^ / • ^ . , 

Alaska is one-fifth the size of thfe conterminous United States, 
and has about one-tHird of the nation's t>uter Continental shelf. 

/ 



. * The state's resources particularly its energy and minerals — 

ate ijnpQrtant to the statte and nation. » 

Under the prdvi-sion of the- Alaska N'ative Claims SettlemeAt Act of 
-^1971, important and extensive claims of land^ ownership must be 
^ decided witfiin fiv-e years. The* Joint Federal -State Land Use 

^ " * ' Planning Commission assembled and is publishing with the state an 
* * 'inventory of the resources of Alasfca.* The Commission has ajso 

conducted cooperative training program's on the application of ERTS 
• ' ' -data and has assisted in publishing an ERT5. mosaic of the state."" 
. ^ * * The Commission could serve as a valuable interface between the 

pr(^osed remote^ sensing -center and'^the user community. The center 
Slid provide not only research ^nd ^evelojpment but operational 
^ exterfsion or edjucational services. 




review of the state ;re3ources and recent developments igay be helpful in 
unde^st^Ming the needs of Alaska. Al^aska.is a complex combination of mountains, 
—^^muskeg, /(;^rest, tundra, glacier? and ice fields, rivers and lakes, islands ,and*\ 
» fiords ybeaches and rocky coast, seasonally bouaided by ice-free or ice-choked , 
water9( it is'bordereci by an outer pontinental shelf one and a half times the * 
lran4. area (375, mill^ion acre* of laJVi and inland waters). Major oil and gas 
deposits exist both onshore and ofifshore. * Alaska may have from three to eight 
^ times the known oil reserves -found to date in the contiguous forty-height states. 
The^mineraX' resources of ^he state are also ,yejy important; * • ' 

Alaska is relatively undeveloped; At pfef^t, only one-fourth of the state 
. falls in local political subdivisions., This situation, however, awlII change 
rapidly. The state will soon be divided intp major areas of na^tive, state, aiid. 
federal ownership. The Alaska Statehood Act of 1958 gav« the state the right 
to select by 1984 about 1Q4 million acr^s from the federal public domain. As of 
July 1972 ^Only 14.5 million acres of this selection had ^been approved. • The 
Native Claims Settlement Act allows native corporations to select approximately 
44 million acres of public land; their selection must be coii5)leted.by December 
1975. • In addition, the Act authorized the U.S. Secrets^ry of the Interior to 
.withdraw up to 80 million acres of '^National Interest Lands" for possible addi- 
tions to the National Park, Forest, Wildlife Refuge, and Wild dnd Scenic Rivjers 
Systems* He was also authorized to withdtaw lands for "public interest." In * 
December 1973 the Secretary submitted to Congress (in the proposed AlasksC 

\ Conservation Act) his recommendations ^or the 80 million acres, to be added to 
tjie four national conservation systems • In addition. Tie has withdrawn about 
60 million acres of "public interest" lands that will be controlled by ^he * 
Bureau of Land Management, / ^ * 

The federal ancP state governments axe in c.onflict over the withdrawal of 1. 
the land and as to what ownership and management systems are best. The interests 
of the native corporations are also in conflict with st^e and federal interests 
in some ar^as. In addition, various industry and special* interest groups, both 
, in the state and the nation, have strong concerns about the final disposition 
of Alaskan lands. . ' . ' 

In this case the Congress, tlie President, the Secretaries of th^ Interior 
and Agriculture, the Governor, and the Commission are* the potential ^'prime users" 
of remotely sensed .d^ita. They need the best inventory, and analysis \)f Alaskan 



resources that current techno log)"'* can provide to assis^t tti&n in decision-making 
relative to land usf planning in the state* Ttie remote sensing center for Alaska 
recommended by the Panel is needed now. 'It is the Panel's opinion that the needed 
technif;al e?q)ertise resides in NASA and that NASA should be authorized by Congress 
to engage in operational aspects of remote sensing and in the extension or educa- 
tional field. The other federal agehcies^i^volved in remote sensing could supply 
"key personnel and other services to assist. The State of Alaska 'should be a full^ 
partner to provide sp^ification of user needs and to assist, at the state, 
regional, municipal, local, and pri*vate levels, in interpretation of the data. ^ 
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ISSUES FOR THE USER COMMUNITY 



In the course of its consideration of user requitements and ways in which 
they may be better detenained, the Panel has 'identified four issues connaon to 
all planning usefs which must be addressed and resolved by the user community 
before decisions may be made on sensor design and information extraction pro- 
cedures. These four issues involve Ihe establishnjent of standards for (1) the 
matdiing of the space imagery grid with the existing planning grid; (2) the 
accuracy of information extracted frpm data obtained from spdcecfaft compared 
with the accuracy of currently i^ed data; (3) the categories which are Required 
f6r the information extraction process; and (4) the map projections in which - - ^ 
space' imagery and present planning data are presented. For each of these, it 
will- be necessary for the planning communi*ty to assess present standards and. 
practices' and to discuss *des^red standards^ " ^ * ' • - 

• c • • ^ - 

; GRID MATCHING . • • 

The grids used by various 'segments of the plailning conftaunity dif^r. For 
example, the property. boundaries o^ the cadastral grid are used at the local 
level while political boundaries of counties are used at the. state level. 
Processing of data from satellite observations is most suited to regular gjcids — 
a matrix of either square or rectangular cells. ?he user decision needed, dfl 
grids, therefore, is conce!med with how they will be matched and within what ^ 
spatial tolerances. If the planning community requires a close match, then the 
resolution requirements of the senspr systen must be refined, the space imagery 
must b^ accurately registered with ground control, and, perhaps most iii5)ort ant ^ 
the data volume must be substantially increased. For exaciple, let us assume ' 
that the State of Colorado wishes to prepare and'regu^ly update a land use map 
in which the planning grid is ownership boundai;ies, and the required resolution 
isClO meters. This resolution would require a total of 2.4 billidn cells in the 
space imagfery, a volume of data which would severely strain the computer 
fesources of most states. ' More importantly, this diegree oi precision may not 
be necessary, sin6e^t may exceed the standards of conventional ^uorveys. 

^ A suggested degree of *pr^cision is. difficult to identify *at this^tinTe, but - • 
a prelininary definition of a grid cell size for statewide inventory is contained 
in Table I fe*g. , 100 m). A^a further exaiq)le, California land use planners 
want 4000 nr (on* acre) resolutiiJn to assess changes in critical envirofitoeHtal 
areas, but could accept 4-16 hectare .^10-40 acre) resolution fo2>.general land use ^ 
applications. i* . 'i 

• ' . 31 . ';■ , -f 



/ 

\ 



ERIC 



4 ACCURAa 

Accuracy is a imeasure of the success of a manual ot computer classification 
of remotely sensed imagery, expressed as a percentage of the certainty that the 
category identified on the image actually occurs at the corresponding point or 
area on the ground. Desired accuracy is a critical design parameter for both 
the sensor and the classification system. 

> In its attempt to assign desired accuracy levels to various data categories 
and planning problems, tjie Panel ha!a become aware that the planiiipg community is 
not certain of the accuracy of the data it is now using. The Parte 1' believes 
that many of these data may have relatively low accuracies (lower than 75 percent) 

DATA CATEGORIES ' - 

The set of land use categories proposed Anderson et at (see Appendix) 
is considered adequate-jfor land use description at the national level. For 
.planning at state, regional and local levels, however, it may be desirable to 
have a soAewhaz different set of categories which* are specific to the type of 
problem or the characteristics of that particular area. A land-quality classifi- 
cation, for example^ will be much more elaborate than the Anderson system^ 
Local jurisdictions may wish to include a category for land which is under 
development. It 'appears that specific category requirements such as these could 
be accommodated within the Anderson clarification at Level IV. However, plan- 
ning agencies at present use widely different systems and it must be expected 
that it will be difficult to arrive at standard categories which will be accepted 
by a majority of regional and local planners, especially in critical enviropnient- 
al areas • 



/ - • MAP PROJECTIONS 

Data, sensed from space must be presented in a known coordinate 'system or 
map projection. The UTH (Universal Transverse Mercator) is generally considered 
.to be the most suitable projection for large scale maps except at high latitudes. 
It is, used for most national topographic map systems. 

f The UTM projection and the closely related State Plane Coordinate System 
are among the several map projections which are used by plaiining agencies. 
Others are the polycoiaic, the Lambert conformal, and local map projections. 
These variations in user dem^ds mean either that space imagery must be provided 
in the projection requested by the users, or the user must convert nis existing 
spatial data to t he projec tion of the space imagery. -The Panel sees consider- 
able difficulties ^witlTeibi^^altern^^ ^ 

. . ^ . o 

REQUIRED STUDY • 

The/Pan^J recommends that an integrated comprehensive study to resolve 
these issues be initiated and completed asw/soon as possible. The results of 
such a stiidy will be useful for the desj^j of future sensor systems, and in 

. • • ^. * *' • • V— 



addition will assist in leading^ to better recognition of the usefulness of space 
imagery in the existing planning process, the study should contain the follow- 
ing elements: • . ^ 

A survey of planning grids and the spatial tolerance required 
to match them with space data, to the sSme precision as exists ^ 
in conventional map matching, • . • 

The determination of accuracy standards in data presently used 
in planning, 

A survey of variations in data' categories and map projections, 
and 

iAn estimate of the costs and benefits of standardized classifica- 

* tion systems' and map projections. ' 

* • 

The* Panel makes i>o recommendation as to what agency should be responsible 
for this study except that it should include planning users. Parts of this 
stiidy may be incorporated with the user survey jecommended earlier. (Refer to 
secrion entitled "A Plan for Identifying User Requirements.") 
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, The Panel recommends a remote sensing program for the next 10 years which 
focuses on three Jcey ^areas of land use planning: 

Monitoring of change in non-urban apd critical environmental • 
areas, • « 

Detailed survey of critical environmental areas and their sur- 
rounding land use, and 

Land capability mapping. 

Users require information in these areas to satisfy requirements of laws and 
executive orders, to id^tify problon areas, and to prepare revisions of compre- 
hensive plans. • ^ 

The Panel believes that if adequate research and development viaf completed 
in these three areas, operational programs could begin as early as 1980 and no 
later than 1985* Several new institutional arrangements will be required how- 
ever, if this program is to succeed. 

To provide a' context in which to consi-der more thoroughly the scenarios for 
. implementation of each of these applications, the Panel hypothesized a remote 
sending system identical to the one conceived by the Information Services and. 
Infonnation Procesjsing Panel*. For such a systen. Figure II shows the steps 
between the collection of data by 'any of several remote sensors, and the ulti- 
mate use of information derived from the data to make decisions beneficial to * ^ 
society. , • \^ 

The process begins with the collection of data by any of? several remote 
, sensing systems. Then the data are preprocessed to remove effects peculiar to 
the i-nstxumentation, to calibrate th^^ data radiometrically, and to perform geo- 
metric corrections so that the data conform to* a selected map base. The' next 
step is information extraction in which parameters of interest. are developed 
from the data (e.g., the acreage of a crop is estimated, or the temperature 'of 
a body of wat^r is determined). Frequently the output of the information 
extractipn step is not exactly what the user \ requires and must be converted 
before ^ can use it' to help him make a decision ► For example, if the user 

*Panel on Inforriiation Services and Information Processing. Practical Applica- 
"tions of Space Systems; Supporting Paper 13: " Infomation Services and Inform 
rnation Processing. ^ Report to the Space Applications Board, National Research 
Council, National Academy of Sciences, Washington, DX., 197S^ 

' 3S 
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wants to know how much area has been converted tg urban use from' open space in 
the last year, he needs a map of land use now .and land use last year; he must 
then compare the two maps, and consider only changes. Further filtering will 
yield a map showing chtoges from open spac^ to urban. The model which performs 
this and similar jobs is termed^'a "user mgdel." Here, the term model means an 
ordered set of procedures by which decisions are made or remote sensing parame- 
ters are converted to information useful to the user. In this cas&, the model 
IS not necessarily a computerized mathematical al&orithm, although many user 
models could be. The information from the remote sensing syst^ is combined with 
other ipformation ijx the user*s management model, from which he makes decisions 
•intended to be beneficial to society. The existence of a management model is 
almost invariably a result of reaction to legislation or pressure from society 
to identify and take action on a certain problem. 

^ In the sections that follow, scenarios are .developed for each of the three 
key areas mentioned in the beginning of j:his section. A time line (i.e., a 
schedule of events) for research and development, transitional, and eventual 
operational systems is presented, and critical f&ctors are identified. 

y ' • 

CHANGE-DETECTION (LAND USE AND CRITICAL ENVIRONMENTAL AREAS) . 

The area of change detection consists of the identification of changes in 
• the use of land 'areas of states and regional areas, monitored by particular 
federal agencies (e.g., national parks or national forests), and detection of 
change in the condition of critical environmental areas identified by states ^ or 
federal agencies (such as the Environmental Protection Agency). There are cur- 
rent statutes which require state and federal agencies to monitor such changes. 
Some private groups and local governmental units also monitor changes in areas 
undej: their jurisdiction or of interest to them, and more may be expected to" do 
so in the future. 

It is the judgment of the Panel that the land use planning community will 
have a strong need for a system to detect land use changes by 1979. Such a 
system will be practical oitly if it includes the econcsnies ^d speed of satellites 
such as the Earth Observatory Satellite (EOS). NAS/\,should now emphasize programs 
^ in user education, data geometric rectification, and information handling to per- 
mit meeting user needs in 1979. 

A schedule for the development of the necessary. spacecraft by the late 1970 's 
is presented in Figure III. Beginning in the 1974 time frame, the Panel finds 
some experimental evidence that the Anderson Level I and most jof Level II (urban 
areas excluded) can be fairly accurately (70 to 90 percent) mapped from ERTS-1 
data with spectral pattern recognition techniques. i 



R5D Phase 

In the ERTS-2 period, the Panel recommends that emphasis be placed on estab- 
lishing routines for the information extraction techniques and improving the 
accuracy of recognition through the use of temporal and spatial features in the 
recognition prpcess. Examination of the utility of low- and high-altitude air- 
craft multispectral scanner (MSS) data for refining classification of Level II 
categories, especially in urban areas, and for delineating any required Level III 
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data should parallel the development of satellite data processing techniques. 

' The current emphasis on funding for collection and interpretation of primar- 
ily ERTS data, with less funding for 'collection and interpretation of high- and 
low-altitude aircraft data (collected in conjunction with ERTS dita) , should be 
changed in order to promote more orderly land use planning remote sensing system 
development.' Relatively more en?)hasis and funding should be provided for collec- 
tion and analysis of aircraft data. , . ' , , . macai rr^A^r-A 

The geometric rectification techniques being developed by NASA's Goddard 
Space Flight Center should be made available in late 1975. Thes^ techniques 
should be thoroughly exercised, and a capability for similar rectification of 
low- and.high-altitude aircraft MSS data should be Seveloped by late 1976. 

At the same time that data .techniques are being developed, surveys of 
federal" state, local, and private user requirements should be made as recommend- 
ed in the earlier section on User Requirements. Federai-agency requirements 
for information will particularly need to be assessed. In 1977, or after a 
federal land use planning bill eventually passes, the transitional phase propam 
should be designed by a consortium of federal, state, and private users or their 
representatives, with NASA participation. ' ^ - j k 

In the 1975 to" 1977 time frame, the development of an information data base ^ 
should be pursued. *Such a data base should be capable of storing ancillary and . . 
remote sensing derived information in a grid format for areas the size of a \- 
state or region. This capability will be required by state and federal agencies / 
in the eventual operational program, and should be exercised and modified m W 
the transitional phase. Eventual users should definitely be on the design 
to assure that their requireme'^ts are served. • 

Beginning in 1975, user education will be required to. inform, especially, 
the §tate and local users of the capabilities and aspects of i?emote sensing 
-technology; The education process can be accomplished by a ""^^"^J^X^JJ^., 
U.S. Department of the Interior (USDI) Earth Resource^ Observation Sys^ (EROS) 
Data Center instruction^ intensive seminars in various states conducted by NASA 
or Other federal agpncies, and education by universities and research groups in 
remote sensing. If users are to be convinced of the potential of remote sensii?g 
technology, the results of a complete change detection exercise, including the 
• information' data base results, shbuld be presented before the implementation 

of the transitional phase. ^ v . ^^r-m-c -> \^^c^ 

I-n this advanced m stage, /oincident with the life time of ERTS-2, NASA 
should supply -preprocessed data fo investigators working closely with state and 
1 agencies. The Pane} considers it appropriate that NASA, with perhaps . 
tate aqd federal sxsp^t. fund the processing and analysis of dfta; The 
lould be^evaluated by the^^users and NASA. 




Transitional Phase 




In the transitional phase (1977 to 1979), the updated extractive processing 
capability, the inform^ion data base development, and-user requirements should 
be integrated for a sdni-operational test of the change detection:and monitoring 
technic^e. the Panel recWnds that several large test Sites perhaps one in 
each physiographic region^of the U.S., be used. The concept of a regional data 
pressing center should be exercised at this time, since this is the probable 
dSa dissemination method of the ultimate operational system. Wxth cooperation 
•between centers, the adequacy of the data analysis procedures devised m the 
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■R6D phase can be tested. Data for the transitional^phase experiments will be 
supplied by the ERTS-C or EOS-A satellite system and by low- and high-altitude 
aircraft as required to pemit assessment of Level II land use patterns within 
urban areas, ■ , 

TowWd the end of the transitional phasef a first capability operational ' ' 

^system could be defined. Further education of potential state and federarl users, 
using the results of the transitional' phase (which should include cost estimates 
of processing), should result in the identification of many more potential users. 

Operational Phase i 

Toward the end of the transitional phase in 1979, the clear perception of 
the roles of satellite and aircraft sensors and the required data processing, 
capabilities will permit? a definition of an initial operational s^fstan. The' 
operational system components cannot be specified in great detail 'at this time,* 
but the, collection system will probably consist of aircrafj^^ polar and (later) 
geosynchronous* spacecraft, and the users' ground and auxillaicy dara collection 
procedures^ Processing will probably take place partly in central facilities 
and partly in regional facilities. Users will require a variety of intermediate 
products as well as the final remote sensing information. The op^rationalsystem 
should include the means ta permit^ the user to check the' accuracy of the/final 
information prodi^ct delivered ai^d to assur^its reliability. The insti^itional • 
arrangements for'^he operational phase are not clear now, but it seemZ^clear 
,that the bulk of the cost will be bomA by the users. / 

fKe Panel believes that a change-dete^ion'systjOT could be. opeiftional by * 
1979, using data froip the EOS-A satellite4W^low- arfd highraltitude&ficraft 
sensors. As, later* sensor systems capabilities such as th^e ^chrono^^Srth^ ^ ^ 
^Observatory Satellite (SEOS) become availgrje, |htf proper rpJe for these^lWs 
within the change-detection system should'be defened. We expect that^thfe impacT^ ^ 
of SEOS on change-detection cap^llity will be pSfetive and beneficial becaiz^' 
of its ability to view areas under cloud-clear conditions at <iiffere1it{ times" of/ 
the day and frequently, if necessary. For example, the monitoring of Iboastal- 
zone areas on schedules related 'to the tidal cycle would be well served by a^SEOS 
system. The Pai^el feejs that the capabilities of SEOS' should be integrated into 
the chahge- detection program structure already defined for the polar orbiting 
spacecraft sensors and aircraft sensors, and this progress will justi:fy additional 
research and^modification on the information data base. 



PERIODIC INVENTORY OF CRITICAL ENVIRONMENTAL AREAS 

This application consists of the detailed inventory of critical environ- 
mental areas (CEA) on a periodic basis or as required if the change-detection 
system indicates a change in such an drea. Typical state and. anticipated federal 
legislation requires frequent monitoring of critical areas as well as surveys of 
changes by state and federal agencies. If periodic invei>tory of such areas is 
to be accomplished by techniques other than aerial phot^aphy -- an expensive 
technique — considerable development of remot*e sensing rechnology will be 
required. Pericudic inventory of CEA will undoubtedly require a mix of aircraft 
and spacecraft sehsor data different from the change-detection application 
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"because higher resolution is needed and area requirements ar§ more restricted. 
Because of the varying character of different critical environmental areas, 
greater flexibility in the information extraction phase will be required for 
change detection. While an unsophisticated user model ^was required for change 
detection, a set of much more sophist icatJfed user models may be required for 
obtaining the CEA infoimation. 

Since the criteria for defining -critical environmental areas are generally 
not stated in legislation*, the definitions used by state .and federal agencies 
vary considerably. However, these agencies have mutually agreed upon certain , * 
critical environmental areas, as follows: 

Power plant environments. 

Goal and oil-shale surface-mining areas. 

Coastal zones. 

National and state parks. 

Key wildlife habitat areas. 

Hazardous areas (geologic, fire, flood), ^ / 

Oil pipelines, refineries, and ports, and 
Agriculture » 

The state-of-the-art in remote sensing assessment of the areas listed al)ove 
varies. Power plant sites have been monitored with low-altitude aircraft, pri- 
marily to assess heated water effluents. Coal strip-mining areas have been 
monitored successfully from ERTS, but greater spatial resolution (10 to 50 m) 

* seems to be required for a detailed inventory of. activities. Coastal-zone wet- 
land areas have been surveyed with low-altitude aircraft, and wetlands and 
toastal water quality have been monitored from ERTS. Detailed species recogni- 
tion is necessary for assessing coastal wetland quality, and this requires 
resolution on the order of 10 meters. Yellowstone National Park was surveyed 
by ERTS-1, and preliminary vegetation and yther resource maps prepared. More 
-detailed assessments, es]5ecially to assess wildlife habitat and recognize impor- 
tant conifer communities '(e.g. , white bark pine) require both higher spatial 
resolution and spectral 'bands different from those on the ERTS system. Wildlife 
habitat areas have been surveyed from low altitude aircraft and to some extent 
from spacecraft. In many cases, the size of many of the critical wildlife 
habitats is sfiall (100 to 200 km^) and a. resolution of about 10 meters is required. 
These areas have been effectively surveyed in Califomi^^ith nigh-altitude infra- 
red photography. The survey of hazardous areas (geologiC^..fipe and flood) and 
of oi^l pipelines hasjonly recently started, and considerable work is required. 

" Agricultural lands hive been surveyed by low-altitude aircraft for many years and 
now by ERTS. J 
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Schedule for Research and Development of Periodic Inventory Capability 



The schedule for developing capabilities for periodically monitoring certain 
environmental areas (e.g., power-plant impact, coal and oil-shale mining, coastal 
zones, national and state parks, agricultural lands and-wildlife habitat areas) 
is more amenable to quantification than for\monitoring other areas, such as 
geologic hazards and oil pipelines, because hore research and development 
work has been done. All of these activities are viewed as in the R§D stage 
.now. Additional work is needed to identify the spectral band^ require'd and to 
define the necessary information extraction techniques. Because the trend in 
future satellites (e.g., EOS) is toward spectral bands optiinized for those appli- 
cations whtch are closest to the operational stage, R§D work on thes^ areas 
should proce^sd using data fi;pm aircraft MSS, where data from a number of spectral 
bands may be obteiTted, Indeed,, the relatively small extent of many of the criti- 
cal areas and the generally high resolution requirements may justify use of multi- 
spectral scanners in high altitude aircraft as a part of the operational system* ^ 

The schedule for development of each of these capabilities calls for con-- 
tinued RgD^with low- ajid high-altitude aircraft, ERTS, and EpS-A^^vith emphasis 
in the 1980^,time period on the definition of operational systan requirements. 
^ R§D work on potdhtial EOS-A systems is justified^ because of the need for the high 
' resolution pointable imagery (HRPI) devices potentially capable of providing the 
IQ-meter resolution that these applications require, and the^need to detei;mine 
spectral bands, spatial resolution, and radiometric precision optimized for land 
use planning applications to guide EpS-A thematic mapper* development, 

^> * 

RSD Program . . ' , ' * ^ 

An R§D program is suggested to accomplish the considerable work yet to be 
done in critical environmental areas. The gene^kl state-qf-the-art of assessment 
of critical environmental areas is such that four imp^ortant requirements must be 
'determined: (1) some estimate of . the update cycle nefeded to monitor impact of 
new facilities (e.g,, power plants,' pipelines) on the environment, (2) the pro- 
vision for 10-me\er resolution and d determination* of the fraction of the work 
that ccfuld be done at coarser resolution, (3) the spectral bands required for 
each assessment function, and (4) details of the infonnation extraction procedure. 

Because of the expected modest size of critical' areas, and the requirement ' 
for about 10-meter resolution, there seems to be, a need for both low- and high- 
altitude aircraft MSS, High -altitude aircraft MSS, if avail^le by late 1976, 
could provide 10-meter resolution atT swath widths nearly comparable to HRPI, 
with more spectral channel flexibility (if a modular stanner wete used) in a time 
frame two years before HRPI^might be&ajjie available on EOS-A, ' ^ , 
^ ^ Geometric rectification techniques should, be developed, at least for the 
high aititudfe aircraft data, to permit the registration of these. data with those 
of other sensors in the information data base discussed in the section on Change 



*A moderate- resolution multispectral scanner being plann'M for possible use on 
thje EOS-A satellite,. ' v ' 
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, Detection. This development should also be undertaken because there is a reason- 
able expectation that aircraft monitorinji of some o^ the environmentally critical 
sites might prove to be the most cost-efrective operational solution. 

Institutional Arrangements 

The Panel suggests that^for these R§D activities, NASA, other federal ^ 
agencies, and state governments, where appropriate, share the costs of research, 
with NASA and such federal agencies as the Environmental Protection Agency and 
the Department of the Interior bearing the brunt of the costs. As operational 
requirements are defined, the federal and state agencies should be canvassed in 
accordance with procedures descri'bed-ln the section on Anticipated Information 
Requirements, • . ^ 



Transitional and Operational Phases 

Because of current uncertainties in the length of the R§D program caused 
by limitations of available aircraft sensors, geometric rectification, and pro- 
gram funding, beginning points for the transitional and operational phases are 
difficult to identify. "However, if optimum benefits aje to be derived from 
an inventory of coal and oil-shale surface mining, at least a quasi-operational 
capability must be available before extensive development of the western oil- 
shale deposits begins. Similarly, an oil pipeline and refinery monitoring 
capability should be available before Alaskan pipelitie construction is far • 
advanced. Since many states have coastal-zone ]fegisJLation now,, the need "for 
periodic survey of coastal areas exists. An anticipated national ifetlands 'survey, 
to be conducted by the Fish and Wildlife Service of the Department of the Interior 
in the next five years, further encourages the research in this area. 



LAND CAPABILITY INVENTORY 



The Panel expects that major improvements in land u^ planning would occur 
if better estimates of land capability, suitabilitj^Uffcapacity were available. 
Initial examples of land capability information ar6 f o^d in (the Soil Conservation 
Service soil-capability index, which provides land use planners with" aome indica- 
tion of the suitability of given sites- for agriculture, and measures of the suit- 
ability of sites for residential development bas^d on such criteria as the 
engineering properties of soils and potential for on-site sewage disposal. At 
present, such classifications have been developed. and applied to most agricul- 
tural and federal forest, range, and park lands. These schemes a^e relatively 
simple, however, and allow Little detailed planning. Classification systems fo3i 
urban uses have been developed and applied to areas around several cities, but 
coverage is incomplete, and classification? vary considerably. The Panel believes 
that an RSD' program should be instituted to define the extent to which remote- 
sensing systems can contribute to the process of inventorying land capability and 
t^) define the sensor system, information lexliraction system, and user model 
requirements of such systems* r ' 
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The definition of land capability for a given use is ^ multidisciplinary 
problem. It involves such disciplines as 'geology, geomorphology, hydrology, 
pedology, plant and animal ecology, climatology, agronomy, forestry, range man- 
agement, civil engineering, architecture, and landscape architecture. Specialist 
in these di5ciplines, together with land use planners and technologists, will 
comprise a team whose goal is the developipent of information extraction tech- 
niques and user models to derive land-capability information, from the remote 
sensing data. 



CRITICAL FACTORS 



The previous discussions have mentioned, several critical factors that 
influence the use of remote sensing data for land \jle planning. Irt This section, 
recommended actions concerning, these critical factors are given: 

Development of operational geometric rectification capability 
by NASA's Goddard Space Flight Center by late 1975, • * 

Development of liigji-altitude aircraft multispectral scanning . 
capability and data rectification techniques to as'sist in 
research on critical environmental area and land capability 
inventory and perhaps as part of an eventual operational system. 

Development of an information data base to store information 

pertinent to the land use planning process derived by both 

remote and nonremote sensing, * • ' 

^ . Involvement of ultimate users, in the transitional phase of pro- 
gram development, acconjpanied by the development of regional - 
analysis centers to assist in the* information extraction task, 
and * ' 



Resolution of the issues of grid' matching, accuracy, data^ 
categories, and map projections;" 
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SPACE SYSTEMS 



— > . . . • r 

^ Invthe R§D, transitional, ajidf opera^ioilal phases*of the land use change- 
detection p^pgram, the Panel sees 'a nfeed for satellite systems of at i^east two 
sorts high-inclination systems (poSsibly sun' synchronous) and geosynchronous. 
The Panel feels -that ultimately an opferatiorial satellite to monitor changes in 
land use *j,Jll be needed. In the interim, however, data frop R§D satellites can 
be used for-^system development and prptotype operatioriis. i ' ' ' * ' 

^or system developijjent, data 'from\ the ERTS, ECS-Aind SEOS satellites can 
be used* These, data may be sttpplenented by data from aircraft sensors as 
required for assessment of urban ^reas. For research in the periodic* inventory 
^of* critical environmental areas, consideirabJLy. higher resplutio'n, smaller-area 
.coverage and greater flexibility of spectral bajids wiU^requife either high- 
altitude aircraft MSS capability, or soi5e modular MSS in a shuttle sortie pr 
space Jab mission. ' Microwave sensors and modular MSS may b§ required in the * 
spacfelab and high -altitude' aircraft for reseafch or l^i^d use capability 
inir.entoify. . ^ #. - . ♦ ' 



TIME FRAME _ ^ 



ERTSr2 or ERTS-C data carf be used to ,assist» in- the design of a >c(uasi- 
opemional test of ^e ch^e detection sjfstea. For^mcmitoring .critical ^environ- 
mentai 3reas, studies to dAe indic^fte that the' spatial reib itit^ioji anc^ spectral 
band location are marginal ^or many cases. ,The possibility of using* temporal 
variations in ten^ain signaiHtres a3 an aid to. automatic* recognition of terrain 
objects remain^ to be ti\broughly a^essed»^ . - _ - 

" ^ ^, EOS^TBfE PR*Mg ^ > 

, Data frqia the thematic mapper and from the high resolution pointabll itoager 
planned ar EOS-A c^puld If^ .used i^. a quasiy?o^erational (transitional phas^> 
d©nonstr«iDn of 'the chahge-ijdj^^ction systrem. At^the same jtime, data from the 
thematic mapper (with alyjut seveiT spectral. bands) 'and HRPI potentially witjx 
10-neter resolution) could be used to advantage iii research on periodic a^es^- 
ment of critical environmental areas and. research in land" capability invMLt^ory." 
Low- and, high-altitude airdtaft multi^ectral seamier data may sjtill be Required 
for both-Tesearch and operational use's.' • ^ . ^ ^- * '^^ 
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. SHl/TTLE'TINE FRAhE 

^ It is clear to ,the Panel that space systems Will p.la(y a major role in the- 
ultimate operational land use mapping and cHaaigeHl^t^ction. iysteiJu. Although tRe 
exact role^ cannot be defined at present, ^atellHe's vith botJ^ high inclination 
and geosynchronous orbits are required..' Sjime-'jiirthod of'^ttfeg these satellites 
to orb^t is r^fluired. S|^uttle s^tems could emplace both operational high inclina 
t ion and geosyhchronous land use/changej:;detection satellite? as soon as the early 
1980'' s. However, potential problems exis^ in not haVing a shuttle high inclina- 
tion launch cap^ility J)efore 1982 becausk^f the development schedule of the 
IVestem Test Range/ The Panel feels that some high inclination launch capability 
should be provided in the early 1980* s. Gaps' in this capability, or the neces- 
sity of using inoVe expensive expendab'le bdosters, may delay the deployment of In 
operational change-detection satellite syst€?ja. . . / 

Even when ai\ operational change-detection system exists, continued upgrading 
of the system will be needed. Pbv example, Retailed inventory of critical ' 
environmental apeas and land capability analysis will be added as these capabil- 
ities are develpped. Advanced experiments in these areas could be profitably 
J>erformed usiflg specialized or prototype operational sensors in a spaceiab.- The 
use of microwave' sensors (both passive and active) to provide all-weather* terrain^ 
'mapping capability and potentially. t^ assist in the delineation of land capability 
could be assessed on a spacelab mission. . . « 

If an cperational change-detection program is to be relied'-upon in the early 
1980*s continuity^ of service must be assured. The availability of a shuttle 
capabj.lity to launch replacement satellited, with the potential to calibrat.e arid 
repair existing ones and to fill in critical data gaps, should not be minimized. 




FINDINGS AND RECOMMENDATIONS 




FINDINGS 

Because of increased intensity of land use planning, and the potential for 
greater awareness on the part of • land use planners of^the potential usefulness 
<^ li^mote sensing, the Panel concludes that remote sensing systems will be useful 
in future land use planning efforts which are likely to be required because of 
expected legislation. * ' ■ . 

The Panel further concludes that information from an aircraft-spacecraft 
remote sensing change-detection system, augmented in later stages by capabilities 
to periodically inventory critical environmental areas and to survey land capabil 
ity will be essential to laiid use planning by 1985 • i 

The Panel concludes that remote sensing can act as a pacej^^^ind prod in the 
planning process because of the repetitive nature of the infamation provided and 
its rapid availa^bility. 

The Panel finds that although many land use planners are aware of the pos- 
sible use&lness of remote* sensing, few have b^n able to exploit its potential. 

• ^ The Vahel concludes that present methods for assessing the requirepiBnts of 
users foi* remote sensing da'ft and information ar^ inadequate to properljii design 
and implement transitional and operational phases of the Panel's proposed change 
detection, periodic inventory, and land x:apabiiity* systems. 

* ' The Panel estiiiiates that, if conventional means of data gathering are used, 
about $250 million per year will be. spent in the next de'cade collecting informa- 
tion for nonfederal agencies. .The Panel heli%ves it$ proposed remote sensing 
systems cpuld supply more up-to-cLate information at significantly lower costs. 

i. The Panel retx^^m^ends thai three sijstems he dei^eloped to provide infor^ 
motion essent^l for land use vlaKtdng^ as follajs: 

a. ''^A--<ihange^--detectidn system for monitoring Zand n&e and 
critical enoir^Tnental areaSy to he operational by 1379, 

, &v A sy^^iem for .pericdic detailed inoentor^ of critical 
enviromental areas, to he cpevational by 1983, and 
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^. Pi system for detailed land capability inventories, to 
be operational by 1983. 

2. The Panel recormends that NASA take the follob>ing specific actions: 

a. . Provi^ a high^ltitude 'aircraft mltispectral scanner 

(14SS) capability to accelerate the development of periodic 
monitoring and land capability inventory system, 

* 

b. Provide geanetrically and radiomeiriQally corrected 
digital tapes^ of EETS^ and ERTS-C data by the end of 
1975 to permit development of the change detection system 
by 1979, and 

c. Vigorous ly^pursite a program of documentatvon^f computer 
information extraction software and specification of 
special pujpose computer hardware. 

3. The Panel reaomends that a program be eszdbZished to make available 
to the public, on a regulaji^ basis, infomation cm the current use-of land in the 

tstact^e, region or local area and that this be done using an effective media such 
as color television. 



4. Hhe Panel reoamends that studies be made^ to resolve issues in the user 
oormcnity concerning grid matching, accuracy, data categories and map projections. 

5. It is recomended that the capability be developed to provide users wii^ 
informtion products processed to varying degrees, and with means to verify tjie 
accurqcy of the products. 

5* It is recomended that joint federal^state remote sensing centers be 
established on a regional or state basis to provide area-^oriented research, 
development, operational, (£nd extension service to iisers, and, because pressing 
requirements and imique opportunities exist in Alaska, that a prototype remote 
sensing center be established th^e imediately. Consideration should also be 
given to another prototype in a stqte where needs and institutions are more firmly 
developed, such as in California. 

7.^ The Panel recormends that NASA be authorized by Congress to provide 
operational and extension (education) services , in the djocta extraction artd utiliza- 
tion area to boi^ public and private remote sensing- users. 



5. ^ It is recomended that arrangements be made wihhout, delay for usei*s to 
partici^e in the plaming prodess, and that Iheir participation take the form 
of providing infprmtian requirements rather than sensor design parameters. 

9. The Panel recamends that a complete survey of all potential users be 
conducted to determine area coverage, grid size, update cycle, an^ required 
infomation, and that the survey be repeated at cppropridte intervals to assess 
changes in user requirements. 
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10. The Panel reocmnends that teams of tcsers^ representatives and technolo- 
gists periodically reviev user requirements and convert them into system parameter 
definitions s • . 

Hi The Panel recamends that any reconsideration of hational land use 
legislation include specific provisions for the use of remote sensing in the data 
acquisition process. 
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* APPENDIX 



A LAND-US& CLASSIFICATION SYSTEM 
FOR USE WITH REMOTE-SENSOR DATA* 

For many years, agencies at federal, state and local govemiiient levels have 
collected land^use data, working for the most part independently and without, 
coordination. Too often this has meant duplication of effort or acquisition of 
data for a specific purpose- which were of little or no value for a similar pur- . 
pose a short time later. Attempts to resolve these problems in the collection 
and htodling of different types of data have led to some reasonaBly effective, 
though not perfect, solutions, as evidenced by current programs in soil purveys, 
topographic mapping, collection of weather information and the inventory of 
forest resources. • ' _ ^ , 

Remote sensing techniques, including conventional aerial photogtaphy, can 
now be used effectively to complement surveys based on gi'ound observatioi) and 
enumeration so that a timely and accurate inventory of the' current use of the 
^nation's land resources is possible. At the same time, data processing ^ 
' techniques permit the storage of large quantities of detailed information that 
can be organized in a variety of ways to meet specific needs. Development and 
acceptance of a system for classifying land use infoiiiiation, obtained primarily 
by use of remote sensing techniques but reasonably coE5)atible with existing 
classification systems, is urgently needed. 



Designing a Land Use Classification System for Use with Remote Sensing Techniques 

There is no ideal classification of land use and it is unlikely that one 
will ever be developed.. Different perspectives in the classification process 
and the process itself tend to be subjective. Land use patterns change, as do 



^-Abstracted from "A Land-Use Classification System for Use with Remote-S^sor ' 
D^ta," James R. Anderson, Ernest £. Hardy, and John T. ^oach for the Inter-Agency 
Steering CommiteQ on Land Use Information and Classification, U.S. Geological 
Survey, Circular 671, Washington, D.C., 1972. 
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demands for the natur^ resources which affect development of land use patterns. 
Each land use cla^3ification is made to suit the needs of the users and few users 
will be satisfied ^-^-ith an inventory that does not meet most of their needs. In 
attempting to develop a classification system for use with remote sensing techni- 
ques that will satisfy the needs of the majority of users, certain guidelines or 
criteria for^evaluation mu5t first be establisheid. 

•'Land use'' is defined as "man's activities on land which are directly re- * 
lated to the land.'* Some land use activities can be directly related to the type 
of land cover; for instance, farming can be inferred from planted com. Other 
activities, especially recreational activities, can be related to land cover by 
use of remote sensing techniques only with difficulty; for example, hunting can 
not be directly inferred from land viewed as forest, range or agricultural. Land 
cover 'is therefore the basis for categorization at the first and second levels 
^d the activity dimension of land use for the third and fourth levels *of cate- 
gorization. 

A land use classification system must allow for the classification of all 
parts of the area under study and should also provide a unit of referelice for 
^ach land use. A system' for use with orbital imagery should meet the following 
criteria: 

1. The minimal level of afccuracy dn t*ie interpretation of the 
imagery should j&e about 90 pfercent. 

^ 2. The accuracy of interpretation for the several ^categories 
should be about equal. * . 

Repeatable results should -/be obtainable from one interpreter 
to another 'and from one time of sensing to another. 

4. The classification system should be usable or adaptable for 
use over an extensive area. 

5. The categorization shduld permit vegetation and other t>'pes 
of 'land cover to be used as surrogates for activity. 

6. The classification system should be suitable* for use with 
imagery t&ken at different times of the year. 

7. Effective use of sub-categories that can be obtained from 
ground surveys or from the use of larger scale or enhanced 
imagery' should be possibte. 

I 

8. Inter-relation of categories 'must be possible. 

9. Comparison with land use information compiled^ in the past 
or to be collected in the future should be possible. 

10. Multiple-use aspects of land use should be recognized when 
* possible. 



In the use of this proposed classification system, an accuracy in\inter- 
pretation may be attained that will make the information comparable inVjuality 
to that obtained in other ways. For many users of land use informationl the* 
accuracy of interpretation at the generalized first and second levels i4 satis- 
factory when <he interpreter makes the correct interpretatioJi 85 to 90 pfercent 
of the time. Greater accuracy will generally be attained only at much higher 
costsrwhich^may not be justified for the purposes for which the infoiinat$n is 
obtained. 

The Accuracy ultimately attainable at each level of the' classificatibn 
system will in large part be determined by the capabilities of the sensoii.^ At 
present, the capabilities of aerial photographs at scales of 1:50,000 to 1:20,000 
or larger are well known. There has been limited experience with imagery kt 
scales between 1:50,000 and 1.120,000 and essentisTlly no experience with itiagery 
at rajios of less than 1:200,000. Experience in learning how to extract informa- 
tion from the coraroonly used 1:20,000 imagery, however-, indicates tHat whata/er 
the present ability may be, it will improve. 

There have been a few major developments in automatic and semi -automat J 
equipment for interpretation, but for th.e most part, thes^ ajre still experiE 
tal and there is very little expeJrtise in their use. Thus^assification of^ 
latid uses^from imagery will remain a visual^ interpretation task for some time Vnd 
will only gradually become a semi-automatic or fully automatic procedure. 

The kinds and amounts of land use information that may 6e obtained from 
different sensors depend on the altitude or the resolution of each^ There is 
little likelihood that any one sensor or system will produce good information 
all altitudes. It would be desirable to evaluate each source of remote sensing^ 
information and its applications solely on the basis for the qualities and 
characteristics of the source. However, it is common practice to transfer the 
yxiata to a. base map, and no, matter what the guidelines, it is difficult to use a 
jbase map without -extracting some additional information. Topographic maps ton- 
tain an abundance of information and even road maps or a detailed city map will 
contribute detail beyond the capabilities of ^he remote sensor image employed. 

The land use classification system described herein has been developed on 
the assumption .that different sensors will provide information for different 
levels of classification. In general, the following relations are anticipated 
between classification level and source of information; 

Level I Satellite imagery, with very little 

/ • supplemental information 

Level II High altitude and satellite imagery 

- combined with topographic maps 

Level III * * Medium altitude remote sensing (1:20,000) 

combined with detailed topographic maps 
and substantial aiDOunts, of supplemental 
information 

Level- IV Low altitude imagery with most of the 

' -information derive^ from supplemental 

sources , 
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Satellite imagery from ERTS-1 and ERTS-2 will generally be prepared for 
users at a ratio of 1:1,000,000. At this ratio, 1 centimeter represents 10 
kilometei^s (1 inch = ^16 miles). Even if information is generated by trans- 
ferring data to much larger scale maps, only a general classification bas^d on 
major differences in land cover can be made. This would also be true for 
imagery at ratios up to 1:25,000 and Level I would be appropriate for these 
sources also. 

Level II units of classification are based' on retrieval from imagery at a 
ratio of about 1:100,000 (1 cm = 1 km;, l.in = -s. 1.6 mi). Information can be 
transferred within reasonable accuracy to fairly detailed maps, including the 
U.S. Geological Surv'ey's 1:24,000 topographic mats, and a substantial amount of 
supplemental input can be obtained. The greater detail will allow classifica- 
tion on the basis of more specific uses of land rather than only nine major 
t>'pes of co\'er of Level I and the co'mplexity of the inventor>' can be increased. 

The categories proposed at Level II cannot all be interpreted with equal 
reliability. In parts of the United States, some may be extremely difficult 
to intei^jret from high-altitude aircraft imagery alone. Rather than distort the 
categorization and so reduce the number of useful applications, it seems pref- 
erable to suggest that additional steps be taken to obtain a satisfactory 
interpretation. Conventional aerial photography and sources of information 
other than reraote sensor data may be needed for interpretation of especially 
difficult areas. On the basis of previous tests, it may be assumed that the 
cost of using such supplementary information can be held to reasonableMevels . 

Examples of the classifications of land use made at Levels i and II follow: 



Level I 



Level J I 



01. Urban arid Built-Up Land 
^ Land 



02. Agricultural Land 




03. Range land 



t: 



01. 

02. 
03. 
04. 



Residential 

Commercial and services 
Industrial 
Extractive- 
Transportation, communications and 

utilities 
Institutional 

Strip and clustered settlement 
Mixed 

Open and other 
Cropland and pastufe 

Orchards, groves, bush fruits, vineyards, 

and horticultural areas 
Feeding operations ^ - 

Other 

Grass , 
Sa\^annas (palmetto prairies) 
Chaparral 

Desert shrub \ . 



Level I (continued) 



Level II (continued) 



04. Forest Land 

05. Aater 



06. Nonforested Wetland 



07 



08. 
09. 



Barren Land 



Tundra 

( * 

Permanent Snow and Icefields 



01 . Deciduous 

02. Evetgreen (c9niferous and other) 

03. Mixed . ♦ 



01. 
02. 
03. 
04. 
05. 

01. 
02. 

01. 
02. 
03. 
04. 
05 ► Other 

OK Tundra 

01. Perma^nent snow and icefields 



Streams and waterways 
Lakes 

Reservoirs 

Bays and estuaries 

Other 

Vegetated 
"Bare 

Salt flats 
Beaches 

Sand other than i)eaches 
Bare exposed rock 



At Level III, substantial amounts of supplemental information would bemused 
in addition to remotely sensed information at ratips of 1:40,000 to 1:15,000. 
At a ratio of 1:24^000, 1 inch represents 2,000 feet ajid information can be 
transferred 'directly to* the 1:24,000 topographic maps» Surprisingly detailed 
inventories mky be undertaken and most land uses, except those of A^r)^, complex 
urban areis or throughly heterogeneous mixtures, can be adequately located, 
measured and coded. 

Level IV of the projected classification would call for much more supple- 
mental information and remotely sensed data 'at a much larger scale. 

Levels Ill^and IV are closely related to regional requirements; therefore, 
no examples of these classification requirements are given, . ^ 
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Director 
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